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LUBRICATED-FOR-LIFE 

DISC BEARINGS CUT 

MAINTENANCE ON 
PLOWS 


Disc plows mounted with New Departure 
integrally sealed, factory-lubricated ball 
bearings require NO field servicing. In fact, 
no grease fitting is provided or even needed. 
With New Departure ball bearings, discs 
turn freely, wear evenly and longer. They 
remain fully adjusted ... assuring no un- 
plowed furrows. And . . . with field adjust- 
ment eliminated, there’s never a danger of 
bearing contamination. 


DIMENSIONS 


905422 
3207 


3208 
905422 


4510A 
3208 


3208 
4510A 


3113 
3210 


3210 
3L14 


*RS indicates rotating spindle; SS indicates stationary spindle 


SEND FOR CATALOG FIC-B 
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Rotating spindle disc 
plow mounting featur- 
ing a two lip integral 
seal bearing. 


Stationary spindle disc 
plow mounting featuring 
extended inner race for 
mounting external seal. 
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DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS LIKE A BALL 
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Production and Profit...OR? 


NI Se 
DALLAS ° » KANSAS cry ° MINNEAPOLIS « ° SACRAMENTO ° , SEATTLE ° SYRACUSE ° TORONTO 


ATLANTA © 


1958 ° 


Few men can afford more than one parlor 
and pipe line in a lifetime ...so... the 
selection is a big decision. 


Up to now nobody has thought up a more 
convenient and more comfortable way to 
milk cows than in a Surge Parlor... . and, 
twenty years is a long time to be uncom- 
fortable. 


Up to now—nobody has figured out a better 
and a safer way to milk for high production 
and udder health than with Genuine, down- 
ward and forward Surge TUG & PULL that 
holds the teat cups down where they belong. 


Up to now—nobody has topped Organized 
Surge Service ...and with any pipe line 


BABSON BROS. CO. 


Chicago 23, Illinois 


o 1958 Sebson Bros. Ce 


2843 West 19th St. © 
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milker, service is an important part of the 
story. 


Up to now there is just no better guarantee 
of comfort, production and profits than a 
Surge Parlor with a Surge Pipe Line. 


The Surge is not a cheap machine... the 
price will be higher — over a twenty year 
stretch Surge might cost you a quarter of a 
cent more a cow a milking. 


Not much to pay for insurance when you 
consider what you have at stake. 


ALL SURGE EQUIPMENT SOLD ON 


EASY TERMS 
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at St. Joseph, Michigan. Acceptance 
for mailing at the special rate of 
postage provided for in Section 
1103, Act of October 3, 1917, au- 
thorized August 11, 1921. 


The American Society of Agricul- 
tural Engineers is not responsible 
for statements and opinions ad- 
vanced in its meetings or printed in 
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its publications; they represent the 
views of the individuals to whom 
they are credited and are not bind- 
ing on the society as a whole. 


TITLE: The title AGRICULTURAL 
ENGINEERING is registered in the 
United States Patent Office. 


COPYRIGHT: Copyright, 1958, by 
the American Society of Agricul- 
tural Engineers. 


Reprints may be made from this 
publication on condition that full 
credit be given AGRICULTURAL 
ENGINEERING and the author, and 
that date of publication be stated. 
ate 
ome ?, AGRICULTURAL ENGI- 
© NEERING is a member 
of the Audit Bureau of 

oe Circulations. 


2 
<= 
° 

* 


Cucat 


Radio Tribute Planned 


i eng ASAE will be saluted by Alex Dreier in a tribute to 
the farm equipment industry and the field of agricultural 
engineering on a nationwide radio program November 23 
at 6:05 (EST) over NBC-Monitor network. Presenting the 
program as one in a series of its kind honoring American 
fields of activities, he will also feature the Farm Equip- 
ment Institute and the National Retail Farm Equipment 
Association. 

The tribute will tie in with the International Livestock 
Exposition which begins November 28 in Chicago. 

According to reports agricultural engineers will be 
recognized for remarkable achievement in erosion control, 
contour farming, terracing and the production of labor- 
saving machinery. Mr. Dreier also will point out a need 
for agricultural engineers for research, design, development, 
testing, management and administration, and will empha- 
size the many opportunities awaiting the student of agri- 
cultural engineering. ASAE members are urged to bring 
this announcement to the attention of their associates 
and students. 


October — Membership Month 


Shaner each year is designated as membership month. 
Members of ASAE are urged, during this month, to 
make every effort to encourage qualified engineers to apply 
for membership. 

The value of ASAE affiliation is enhanced by the mo- 
bilization of professional talent to the mutual advantage of 
both the members and the Society. An increased member- 
ship results in an increased capacity to serve. A profession 
with continually widening horizons demands the participa- 
tion of every progressive engineer. 

This particular month has been chosen as membership 
recruiting month since most ASAE Sections begin the year's 
activities at this time. Applications made during this month 
will be processed in time to permit full membership status 
before the next calendar year with new members receiving 
the advantage of a full year of section meetings and Society 
benefits. Intellectual as well as social advantages derived 
from the section and national meetings keep the engineer in 
touch with current professional progress and the latest tech- 
nical information relative to his particular field of service. 

The growth of the Society depends upon the member- 
ship of every qualified engineer engaged in agricultural 
engineering work. If you are not a member, make October 
the month for making application for ASAE membership 
where your profession can serve you best. 


Graduate Placement 
OO pase arpie survey of 1958 engineering graduates 
reported to Engineers Joint Council revealed that 83.5 
percent of estimated 33,000 graduates of 1958 were hired 
a month before graduation. Despite unfavorable economic 
conditions in the United States, only 10 percent of grad- 
uate engineers had no definite plans by late May and, as of 
June, none were without job offers. In spite of conditions, 
placement opportunities for new engineers is reported as 
remarkably stable. Full report is available by writing to 
Engineers Joint Council, 29 W. 39th St., New York 18, NY. 
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NATIONAL OIL SEAL LOGBOOK 


Unique triple-lip National 
Syntech seals bearings 
“underground” in rugged 
disc harrow application 


RS eR PCE OES eR ere ie 
‘ = ™~! 


Low cost, easily installed 
Excludes dirt, mud and water 
Ideal for permanently lubricated bearings 
Effective after 4,000 test hours 


The Triple-Lip Syntech seal, pioneered by National, provides a 
new standard of bearing protection for equipment operating in severe 
dust, dirt, mud and water conditions. 


The seal is rugged and extremely simple in design. It consists of three 
identical synthetic rubber sealing members bonded to metal washers and 
enclosed in a rigid steel outer case. Use of the “straight” Syntech 

sections keeps torque low, simplifies flush lubrication, and permits the 
seal to accept a high degree of runout and misalignment where needed. 


For complete information, call your National Applications Engineer 
or write direct 


NATIONAL SEAL 
Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 


Plants: Van Wert, Ohio, Redwood City 
and Downey, California 
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Splices support 
All-Pro Tackle 
Lou Groza 


The four corner splices in this extruded 
rubber windshield weather-strip produced by 
Ohio Rubber are strong enough to fully 
support 252-lb. All-Professional League 
Tackle Lou Groza of the Cleveland Browns, 
plus all his football gear. 


Each of the four splices is a corner molded 
into an extruded weather-strip for perfect fit 
without tension. Neatness of splice, as well 
as strength, is an important factor because 
of the weather-strip’s ultimate use in an 
automobile windshield assembly. 


This ability to incorporate desired strength 
as well as neat appearance into splices is 
typical of ORCO’s “customeering” of parts 
made from rubber, synthetic rubber, silicone 
rubber, polyurethane and flexible vinyl, 
whether they be molded, extruded or bonded 
to metal or other material. 


ORCO’s integrated research, design, elec- 
tronically controlled mixing and production 
facilities assure component uniformity and 
quality to meet the most exacting require- 
ments. Why not check with ORCO engi- 
neers on your very next rubber or vinyl 
component problem and see for yourself 
how ORCO CUSTOMEERING can work 
to your greater advantage. 


Send for 

free booklet 
“Component 
CUSTOMEERING 
rubber and vinyl parts”, 


andthe eriamfl of, —— 


SUSTOMEER 


Gee 


THe Onwnio Russer ComPAany 
WitLouGcHwey, Quio 


A DIVISION OF THE EAGLE-PICHER COMPANY PICHER 


EAGLE 
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NOW. ..more manufacturers can afford to put 
more ball bearing efficiency | 
to work in more places 7 4 


Ces 7 


ADAPTER Se 
BEARING Pi a 


Economical to buy. . . economical to apply | $7 7 


EASY, quick 
3-STEP MOUNTING 


shat sup aa odo 


Equipment manufacturers who must stretch 
bearing dollars in order to build to a price need 
look no further than this Aetna Adapter bearing 
—the completely PACKAGED ball bearing unit 
that brings low-cost, anti-friction efficiency within 
the range of all light-duty slow-speed equipment. 


Designed and built-to-be-installed-and- 
forgotten, this permanently lubricated, sealed-for- 
life Adapter bearing requires no re-lubrication, no 
maintenance of any kind. It combines self-aligning 
bearing, seals, mounting flange and locking collar 
in a single, compact, factory-assembled PACK- 
AGE that mounts easily, quickly, wherever shafts 
can be supported, including mounting on sheet 
metal or any semi-rigid structural member. Avail- 
able in 8 standard shaft sizes, %” to 14%”. Send 
for catalog AG-57 or call in the local Aetna repre- 
sentative listed in the yellow pages. Aetna Ball 
& Roller Bearing Co., Division of Parkersburg- 
Aetna Corp., 4600 Schubert Ave., Chicago 39, Il. 


tien, insert belts and fighter 


NSS 
363) $ co d 


ANTI-FRICTION CONSULTANT TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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We're developing 
bearings and bushings 
for equipment that 


DOESNT EXIST. 


+ 
oe 
nis 


For equipment that might exist some day. It 
means preparedness for the future. And for 
equipment entering the blueprint stage, it 
means Cleveland Graphite Bronze can offer 
improved designs and materials right now. 


As a result, our field engineering teams, 
working in customers’ plants, provide 
valuable assistance on the problem at hand 
combined with a sharp awareness of probable 
future requirements. 


In essence, what these teams have to offer 
you is what they have to back them up: 
all the resources that have maintained the CLEVELAND GRAPHITE BRONZE 
leadership of Cleveland Graphite Bronze for 17000 St. Clair Avenue Cleveland 10, Ohio 
more than 38 years. Detroit 


Chicago 
When you’re ready for help—remember— ious Haus ab ti: 


Cleveland Graphite Bronze is ready right now. Los Angeles 
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Clear land 


Control water 


bee aie 


Build parallel terraces 


How a planned land improvement program 
can make this farm a better place to live and work 


These are a few examples of jobs that need to be done 
on most farms. Properly planned and completed, they 
can add a great deal to the profit and satisfaction that 
comes from good farming. As you can see, these are jobs 
that ordinary farm tractors can’t do — but are everyday 
work for the conservation contractor or farmer with 
Cat-built equipment. Let’s take a look at some of them: 
Form Fie_ps — Caterpillar-built equipment can quickly 
and economically cut down hills and fill in low spots, 
build ditches for proper drainage and irrigation. 

Stop EROSION — deep washes can be quickly filled and 
seeded down to stop serious erosion. The entire pattern 
of farming can be made more efficient by building 
grassed waterways and terraces that can be farmed 
across! 

BuILD PARALLEL TERRACES — want to get rid of those 
hard-to-farm point rows — yet follow the contours? Cat- 
built equipment reshapes the hills, then builds terraces 
that are equal distances apart. This eliminates zig-zag 
terraces and rows that waste time, effort and cropland. 
CLEAR LAND — in a remarkably short time a Cat Diesel 
Tractor can help boost production by clearing out crop- 
shading, moisture-robbing fence rows, eliminating ir- 
regular fields and point rows. 

ConTROL WATER — dams and farm ponds can prevent 
excessive run-off, impound water for irrigation, live- 
stock and domestic water supply, fire protection and 
recreation. 
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As you can see there’s plenty of opportunity for con- 
servationists to put land to better use and make more 
money at the same time. The key to the successful 
plan, however, is applying the right equipment to the 
job. 

Your nearby Caterpillar Dealer is experienced in earth- 
moving, land clearing and big-scale farming. He will 
help conservationists select the most efficient equipment, 
ak anna behind it with his complete facilities. He’s a 
good man to include in your land improvement program. 
Caterpillar Tractor Co., Peoria, Ill., U.S.A. 


FREE BOOKLETS — give you tips on better land 
management. Write for “Farm Planning” and 
“Coast to Coast with Cat Diesel Tractors.” Address 
Caterpillar Tractor Co., Dept. AE108, Peoria, Ill., 
U.S.A. 


CATERPILLAR 


Coterpiliar and (ot are Registered Tredemerks of Caterpilior Troctor (o 
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"get the power through” to make 
our highways come sooner... 


CATERPILLAR 


TRACTOMOTIVE 
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It’s a rough, tough, shock-and-strain life for the average ‘dozer and 
loader. But machines like these are ready for it. Part by part, they've 
had long life engineered right in from the start. 


Blood Brothers Universal Joints, for example, are one of the rugged, 
dependable components you'll find . . . selected for their field-proved 
ability to withstand punishment. 


On these machines—and many other kinds of road-building equipment 
—Blood Brothers Universal Joints “‘get the power through"’ depend- 
ably. It’s one of their vital functions to help make our highways 
come sooner. 


If you build heavy-duty equipment, write for Bulletin 557—or call 
on our engineers for suggestions. 


UNIVERSAL JOINTS 
AND DRIVE LINE 


ASSEMBLIES 


ROCKWELL-STANDARD CORPORATION 


ROCKWELL 


Blood Brothers Universal Joints 


STANDARD 
MARGAM, GINGA © 1958, Rockwell-Standard Corp. 
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Report to Readers... 


PLASTIC TILE AND TILE LAYER TOOL It now looks as if "mole" drainage may be 
COMBINE TO PROMOTE MOLE DRAINAGE about to come into its own as a means of 
Substantially reducing the cost — and there- 
by increasing the extent — of subsurface land drainage. After some years of re- 
search, in collaboration with drainage engineers of USDA, Cornell and other 
land-grant colleges, one of the principal manufacturers of farm and earth-moving 
equipment (Caterpillar) has developed an experimental machine which, in addition to 
a mole plow, includes a device which positions a slitted plastic strip to form 
an arch lining for a mole drain. (This development was featured in a technical 
article published in the February issue of this journal.) ... . The company 
now reports that it has recently made a significant further improvement in the tile 
layer. Instead of merely forming an arch for the mole drain, the tile layer is 
now built to form the ribbon of (Bakelite) vinyl plastic into a tubular shape. 
The plastic sheet can then be made to hold its shape in the ground either by 
soil pressure, metal stapling, heat bonding, pressure-sensitive plastic tape, 
or liquid fastening. All five of these methods of maintaining the round shape 
of the plastic tile are still under development. .. . Caterpillar technicians 
estimate that this new technic for laying plastic tile will be tenfold faster 
than the rate of laying conventional draintile. Incidentally, the USDA estimates 
that there is a present need in the United States for 1.4 million miles of sub- 
surface agricultural drains. 


TRACTOR POWER STEERING It's a lot more sensible to put power-steering equip- 
CONSERVES DRIVER ENERGY ment on tractors than it is on motor cars. The an- 
swer is simple: it performs a more important func- 
tion in conserving drivers' energy. According to tests made by a Purdue Uni- 
versity agricultural engineer, the force required for the manual steering of a 
large row-crop tractor equipped with a manure loader approximated 50 pounds. 
When the same tractor was equipped with mechanical steering, the effort was re- 
duced by one-third. Again in cultivating corn a large tractor required an 18 
to 35-pound effort for conventional steering, but when equipped for power steer- 
ing, driver effort was reduced to one-third or one-fourth of that amount. It 
is reasonable to believe that the demand for power-steering equipment on the 
larger tractors especially will continue to become increasingly more pressing. 


ENGINEERS EXPLORE USE OF REMOTE It may well be that latter-day caricaturists, 
CONTROL FOR TRACTOR OPERATION who depict tomorrow's farmer directing opera- 
tion of his motorized production equipment by 
remote control from a rocking chair on the front stoop, will one day be credited 
as genuine apostles of push-button farming. But engineers, too, have long been 
scouting the possibilities of remote control in the operation of farm equipment, 
only their approach to making it a practical reality is along the tortuous route 
of scientific, engineering, and manufacturing exploration. . .. Recently Uni- 
versity of Nebraska agricultural engineers demonstrated operation of a farm 
tractor by remote control. The machine was equipped with electronic devices for 
starting and stopping the engine and regulating its speed, operating the clutch 
and brake, shifting gears, steering, and lowering and raising a cultivator mounted 
on it. The Nebraska engineers envision the possibility of using ultrahigh- 
frequency radio bands for one-man control of multiple pieces of farm equipment. 
- « e Engineers concerned with the development, design, application, etc., of 
implements, machines, equipment to meet the multitude of requirements in farming 
will be giving more and more attention to developing remote control technics for 
increasingly wider application. Its development to the point of practical utiliza- 
tion is only a matter of time and application of engineering know-how. 
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FARMER DEMAND CREATES PRESSURE FOR One facet of the great wave of enthusiasm 
PROGRESS IN HAY PELLETING TECHNICS evident this past season in the develop- 
ment of hay pelleting seems especially 


significant. It is the fact that farmer demand is way out ahead of the ability 
of the engineers and manufacturers to develop the technics of the pelleting oper- 


ation and to design and build the machines required for its proper performance. 
Mechanization of hay storage and feeding has been high on the priority list for 
several years. So stated a University of California agricultural engineer at 
the ASAE annual meeting last June, and he went on to point out that the need is 
for a new hay package that will facilitate mechanical handling and feeding. : 
There appears to be wide agreement that pelleting is the best answer yet offered. ee 
The further fact is that, since hay is a comparatively low-value crop,the cost 
of preparing the new package must be kept low to compete with present methods 
of processing and packaging. .. . It is clear from this engineer's report 

that the art of pelleting, while still pretty much in a crude stage of develop- 
ment, is far enough advanced to indicate that hay pelleting costs can be justi- 
fied on the basis of storage and handling alone. Because of this and in view 
of the attention that hay pelleting is now receiving, another year of effort 
should bring even more promising results in producing a more attractive hay 
package for farm animals. 


OBSOLESCENCE OF FARM BUILDINGS One result of probing by an ASAE committee 
CAUSE FOR ALARM SAY ENGINEERS looking into the need for research and sta- 

tistics on farm buildings, was to produce 
startling evidence of the urgent requirement for more efficient and economical 
service buildings and more livable farmhouses. The inquiry also revealed that, 
while the problem of modernizing or replacing obsolete buildings is immense, the 
waste of time, energy and potential production resulting from their continued i 
use is even greater. .. . The ASAE committee views the situation as critical 
— in fact, as presenting a tremendous challenge not only to agricultural engi- 
neers in public-service agencies (state and federal) but also to administrators 
and other agricultural specialists of such agencies, and to manufacturers and re- 
tailers of buildings, building materials and related equipment. .. . Agricultural 
engineers are aSking themselves if a completely new approach to farm-building 
design may not be needed. Some are even suggesting that farm buildings, as is true 
of more and more farm machines, be designed for relatively short life, be 
correspondingly lower in cost, and be portable, i.e., not a part of the farm 
real estate. . . . The engineers agree on the great need of research to dem- 
onstrate the difference between a good building design and a poor one. One en- 
gineer, for example, has combined economic and engineering data to show that 
feed and labor savings in a good building may amount to much more than the an- 
nual cost of the building. .. . In aword, it is important that progress in 
farm buildings keep pace with the rapid strides of other phases of mechanization 
in agriculture. 


POTATOES GIVEN CUSHIONED RIDE "The common potato gets luxury treatment... ;" 
TO AVOID BRUISING AT HARVEST that’s the way the statement began. It was a 

fascinating idea, certainly, when one reflects 
that the lowly spud usually gets pretty rough handling in its travel from hill 
to storage. Then the story went on to say how science and engineering had com- 
bined to give potatoes a real cushioned ride, in the harvester mentioned, as 
they are taken out of the ground at harvest. . .. The conveyor bars, carry- 
ups and clod eliminators of this improved harvester (Dahlman) are all cushioned 
with a sponge-like plastic coating, a polyvinyl chloride material made by 
Goodrich. This coating is spongy and resilient while having a tough, abrasion- 
resistant skin — just what is needed for harvesting potatoes that are bruise- 
free and in otherwise prime condition. 
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BCA “package units” 
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... proven time-savers 


in and field 


BCA produces many useful, economical ball 
bearing package units for agricultural equip: 
ment. One is the Cam Follower package unit 
pictured here This unit includes prelubricated 
bearing, seals, cam roller and mount C 
all as assemk bled and ready to install. Avail 
37 diff pees designs. with labyrinth or pont 
seals. Gttias BEA package units include he 
aE MO: idler pulley assemb use wit. 
flat belts, v-belts | or bial fieor tie’ bearing: 
plunger bearings: ‘and : sprocket bearings. 


sy oe 


Design and service tested, BCA package 
units simplify production line installation .. . 
bring ball bearing costs down to practical 
levels. Rugged construction plus effective 
sealing assures long and trouble-free use. 
BCA is prepared to help with your ball bear- 
ing engineering and design problems... 
to provide the “package unit’’ you need in 
sample or production quantities. Bearings 
Company of America Division, Federal- 
Mogul-Bower Bearings, Inc., Lancaster, Pa. 
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ORE THAN 12,500 pounds of pull* at the mere 

touch of the throttle. A new record-breaker in 

drawbar and belt horsepower...the champion in 
maximum pulling capacity in working gears! 

This is the amazing power of the Oliver 995 GM— 
mightiest general-purpose farm tractor on wheels. 
It comes from Lugmatic, the only truly automatic 
torque converter offered in a farm tractor today. 


How many bottoms will the 6-plow-plus 995 GM 
handle? You pick the number. By eliminating engine 
lugging, Lugmatic gives this new Oliver 70% more 
maximum drawbar pull, a full plow bottom more 
(and 13 more belt horsepower) than any other tractor 


(For more facts circle No. 33 on reply card) 
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in its class. Lugmatic utilizes all the available engine 
horsepower ail the time. 


Here’s a tractor that changes all concepts of power 
because never before has there been so much to call 
forth. Yes, Oliver power gives farming new muscle, 
a new way to make heavy-duty operations go faster 
at less cost. 

The Oliver Corporation 
400 West Madison Street, Chicago 6, Illinois 


*Actual, recorded maximum pounds of pull in official, nationally recog- 
nized tests was 12,538. 


OLIVE 
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Armco ZINCGRIP Steel Provides Design Freedom, 


long service life 


Thousands of layers eat daily from these mechanical feeders made of Armco Zincerip Steel. 
Fabrication requires severe bends, but there is no flaking or peeling of the zinc coating. 


In an effort to beat the ‘‘cost-price squeeze,” farmers are 
turning more and more to mechanization. And they want 
the mechanical equipment they buy to operate at peak 
performance. 

This is why one large manufacturer of mechanical feeders 
for chickens makes the trough, reel, and supporting frame of 
Armco Zinccrip® Steel. 


COATING ADHERES TIGHTLY 


By designing with Armco ZincGrip, this manufacturer's engi- 
neers have complete freedom to develop a product that will 
do the best job. The protective hot-dip zinc coating on this 
special steel won't flake or peel during severe drawing or 
forming. In fact, the zinc coating on Armco ZINCGriP Steel takes 
anything the steel base will take. 

Because this coating remains intact, the zinc gives unbroken 
rust protection to the base metal. 
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Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 


WRITE US 


For a catalog on Armco ZincGrip Steel, just fill in and mail 
the coupon on this page. 


(i eeelicereentientorticeeneaticnmeetitennetinanninenantinmnnttionanditomndt ionamin ianmed tamed tmedieedinesdtiatinettiatadtaa=iteds 


ARMCO STEEL CORPORATION, 2668 Curtis St., Middletown, Ohio 


Send me your catalog on Armco ZinccriP Steel. 
TITLE 
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No job’s too tough for 


Ingersoll G+ Dises 


When it comes to the big, tough tillage jobs . . . trashy ground... 
rough soil . . . here’s a combination that handles them with ease. 

It's the heavy duty John Deere PW Plowing Harrow equipped 
with 24 big, tough, sharp-edged Ingersoll Dura-Notch discs. 

And it’s easy to see why. Dura-Notch discs are made tougher to 
be tougher. The blades are notched by a patented Ingersoll method 
that completely eliminates grinding the cut-out edge—makes them 
extra strong, more resistant to impact. They’re made of TEM- 
CROSS® steel, the exclusive Ingersoll steel that’s cross-rolled for 
added resistance to splitting and curling. And they’re specially heat- 
treated for proper hardness without brittleness. 
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That all adds up to better disc work, longer disc life. And that’s ras mgt Pi a 
Meroe i a ae ee 
what keeps your customers happy. So whenever they need notched ews EN Me es LE 


disc replacements, ask your implement manufacturer for Ingersoll John Deere Model C", equipped with 
: Ingersoll Dura-Notch discs, works either os a 
Dura-Notch discs. single- or double-action harrow. 


INGERSOLL PRODUCTS DIVISION SPECIALISTS IN TILLAGE STEELS + WORLD'S LARGEST MANUFACTURER OF DISCS 


Borg-Warner Corporation, Chicago 43, Illinois EXPORT SALES: Borg-Warner International, 36 S$. Wabash, Chicago 3, lilinois 


THE ONLY MANUFACTURER OF DURA-DISC — THE STEEL THAT IS THE ECONOMICAL REPLACEMENT FOR HIGH COST ALLOYS 
1958 
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BUILDS SILAGE BLOWER FEEDING TABLE WHICH 
ELIMINATES DANGER AND SPEEDS JOB! 


standard speed reduction drive. Each truckload of 
corn or grass is backed up to the table and dumped 
on it. Some advantages: no close maneuvering, no 
drive line to hook up, no spilled silage and no dan- 
gerous work over the blower. The machine speeds fill- 
ing 5 silos with 1,000 tons of corn and grass silage each 
year to feed the 175 head of dairy cattle on the 500- 
acre farm, operated by the family for over 125 years. 


Ly 


Dumping grass or corn from a dump truck into a 
silo blower can be dangerous, and destructive to the 
blower. Howard W. Griswold, progressive farmer of 
Rocky Hill, Conn., neatly solved the problem with 
this farm-built invention. 

Basically, the machine consists of a double chain 
type wagon bottom unloader, with a third section 
added. It is powered by an electric motor with a 
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IT’S MARFAK FOR HIM! B. E. Roebuck IN ALL 48 STATES, you'll find Texaco 


(left), of Harrison Oil Co., tells H. B. 


BECAUSE IT WEAR-PROOFS ENGINES 


Winslow, of Williamston, N. C., Texaco 
Marfak lubricant is best because it won't 
drip out, wash out, dry out or cake up. 
Marfak-lubricated bearings can take it! 


On farm and highway it pays to use 


TEXACO propucts 


Texaco Products are a/so distributed in Canada, Latin America, and Africa. 
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for longer life, cleaning as it lubricates, 
Advanced Custom-Made Havoline Motor 
Oil is the choice of W. N. Aguillard (left), 
Jennings, La. He is shown here with Texaco 
Consignee Albert Gauthier. 


Dealers with top-octane Texaco Sky Chief 
Su-preme gasoline supercharged with 
Petrox for instant power . . . and famous 
Fire Chief gasoline at regular price. Also 
Havoline Motor Oil and Marfak lubricant. 


THE TEXAS COMPANY 
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Since 1903 
PARTNER 


IN PROGRESS io the 
FARM MACHINERY 
INDUSTRY 


OLIVER ee, 


OLIVE R-one of the leading tractor manufacturers using Perfect 
Circle piston rings for both original equipment and replacement service. 


Over the years, Perfect Circle has been privi- 
leged to work closely with great names in the 
farm machinery industry. One reason for this 
close association is Perfect Circle leadership in 
research, engineering and manufacturing. 

Out of such leadership has grown the wide- 
spread preference for Perfect Circle piston rings. 
Fact is, Perfect Circles are preferred by more 


engine manufacturers for original equipment 
and replacement service than any other brand. 

Whenever you have a problem involving 
piston rings, you are invited to call upon the 
research facilities and specialized talents of the 
Perfect Circle engineering staff. Perfect Circle 
Corporation, Hagerstown, Indiana; The Perfect 
Circle Co., Ltd., Don Mills, Ontario, Canada. 


SERFECT CIRCLE piston rincs 
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How Efficient Will Be the Farm Machine of the Future? 
Guest Editorial by G. B. Gunlogson, Life Member ASAE 


MARKED progress has been made toward 
increasing the mechanical efficiency of 
power farming equipment. This includes 
all major farm machines and tractors with 
various inbuilt and supplementary features 
such as power take-off, hydraulic controls, 
automatic transmission, power steering, etc. 
The question is how does the over-all efh- 
ciency or the effective work output of these 
machines in the hands of farmers compare 
with their rated capacity or proving ground 
performance? As increased mechanical efh- 
ciency and higher costs are built into this 
equipment, it becomes increasingly impor- 
tant to know more about actual field effi- 
ciency and to what extent the farmer is 
utilizing its potential. 

Even under good management there is 
considerable lost time and wasted motion in 
the use of farm equipment. The difference 
between the actual work output of a ma- 
chine during the season compared with its 
theoretical or rated capacity is the product 
of a combination of human and machine 
factors. If we knew more about these fac- 
tors, whether they are attributable to poor 
management, shortcomings of the operator 
or mechanical faults or failures, it would be 
of great value to farmers as well as to the 
engineer who is concerned in the future de- 
velopment of farm machinery. More study 
into these aspects would be most helpful 
toward attaining greater machine efficiency. 


Agricultural Engineers Should 
Make Field Studies 


There have been some field-efficiency 
studies made. One of these was conducted 
by K. K. Barnes of Iowa State College 
and reported in the April, 1956, issue of 
“Iowa Farm Science.” While the scope of 
the study is limited, it throws a great deal 
of light on some of the points under dis- 
cussion and should become more widely 
known. During the last two years I have 
corresponded with a number of agricultural 
engineers in colleges on this subject. 


All have expressed interest, and some of 
them are now considering conducting studies 
of this kind. They are well aware that the 
methods and procedures would involve a 
great deal of planning, a lot of work and 
considerable expense. The agricultural col- 
lege appears to be the most logical agency 
to undertake these projects, and the agricul- 
tural engineer is trained to direct the work. 
Some financial help toward these projects 


Editor’s Note: The author, G. B. GuUNLOG- 
son, shortly after receiving his engineering 
training at the North Dakota Agricultural Col- 
lege, joined the J. I. Case Company, where in 
the early days of the gas tractor he had charge 
of the company’s tractor schools. Later he 
served the company as branch manager, direc- 
tor of advertising and sales promotion, and 
sales manager. In 1927 he joined the Western 
Advertising Agency as president and is cur- 
rently serving the agency as chairman of the 
board. 


might come from the farm equipment in- 
dustry or from individual concerns. 

When general-purpose tractors began to 
take over the job of providing power for 
threshing, I undertook a study into the suit- 
ability and efficiency of gas tractors as 
compared with steam engines for threshing. 
Based on 97 threshing rigs checked one fall, 
the loss of grain ranged all the way from an 
infinitesimal amount to more than 10 per- 
cent. The loss of time from one cause or 
another during scheduled work periods 
ranged from 7 to 51 percent. The direct 
causes were usually obvious to the observer, 
but the reasons for the causes were invari- 
ably more significant. For example, the 
cause for most of the poor work and loss 
of time was found to be inadequate power 
for size of the machine and rate of feeding. 
The problems of adjusting operations and 
judgment to new methods and new machines 
will always confront us. 


More Information Would Make Present 
Service Facilities More Effective 

There has been a widespread campaign by 
manufacturers, dealers, farm papers and 
various agencies to promote better care of 
farm equipment. It is urged that machines be 
gone over before being put away to replace 
needed parts and to have all necessary serv- 
ice work done during off seasons, etc. Deal- 
ers also are improving their service facilities 
and are employing better trained mechanics 
to do this work and to advise farmers. The 
effectiveness of these services and educa- 
tional efforts would be greatly enhanced if 
more information were available on time 
and crop losses. By analyzing the facts 
and causes it might indicate many ways 
for improving machine efficiency on the 
farm. 

More and more the farmer's income has 
come to depend on the output of machinery. 
The amount of crops produced per man has 
more than doubled since the ‘twenties. In 
the production of the three principal crops 
— corn, cotton and wheat — man-hours have 
been reduced from 7,700 million to some- 
thing like 3,000 million. Wages are about 
three times higher. The farmer's annual 
expenditure in power and machinery is 
many times higher. The quality of work and 
the whole business of farming have become 
geared to machinery. Every hour of lost 
time in field work can be costly. Increasing 
machine efficiency on a farm ever so slightly 
may mean the difference between profit and 
actual loss on that farm. 


How Electronic Brains Can Help Engi- 
neering Brains Build Better Machines 
Now we come to the consideration of 
another kind of “field study” which only 
the manufacturer could carry on, since only 
he has the dealers, sales and service groups 
capable of feeding the desired information 
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back to the control center. This study would 
be directed at the design of the machine 
itself — its engineering and mechanical quali- 
ties. It would be a continuous study for 
evaluating the performance of machines in 
actual operation during their entire life. 

Modern equipment for recording and 
processing massive data would be essential 
for handling this work. Electronic data 
processing equipment now provides the 
means to evaluate many kinds of engineer- 
ing data and to plot trends with pinpoint 
accuracy which before went by educated 
guessing. With the development of this 
system as an aid to engineering, it is cer- 
tain that the useful life of tractors and other 
major farm machines could be greatly 
lengthened as compared with present 
models. Dependability and freedom from 
mechanical troubles would be proportionally 
enhanced and the improved engineering 
per se should not add a great deal to the 
cost of the machine. We have the engineer- 
ing skill and metallurgical science to ac- 
complish this if we knew more precisely 
the wear and tear and functional failures 
against which to engineer. 

In the farm machinery industry, manu- 
facturers have evolved elaborate systems of 
inspection and testing materials and prod- 
uct quality in production. Some have ex- 
tensive proving grounds for product testing. 
But all of these are essentially forecasting 
of precautionary measures. They don’t tell 
what actually happens to the machine in 
actual operation and at successive stages of 
its life. The ultimate test of quality does 
not come until the machine is in the field. 

The usual sources and channels for prod- 
uct information are: (1) reports or com- 
plaints from users which may come in 
directly or through dealers; (2) reports on 
field jobs that may be done by factory 
mechanics (usually emergency cases); (3) 
reports on service work done at dealers’ 
shops; (4) records of parts replaced. Addi- 
tional information on the condition of used 
machinery is sometimes obtained by clinical 
studies where old machines are taken down 
part by part for inspection and study of 
wear and tear. All this data has engineering 
value depending on how it is evaluated and 
utilized. 

The system proposed would use basically 
the same kind of data from the same 
sources. Some refinements and improve- 
ments in the system of reporting might be 
necessary. It is important that all forms and 
procedures for reporting be simple, specific 
and easy to classify. The origin and flow of 
data should be as near routine and free 
from personal bias as possible. All this raw 
material must be evaluated and classified 
before feeding it into the computer. 

The most important phase of the opera- 
tion is in its programming. Here, millions 
of facts on parts replaced, on machine fail- 
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Fig. 1 Track-type tractor design, 

as illustrated, can change little 

until a radical change in practice 
takes place 


Performance Improvement 
in Track-Type Tractors 


M. G. Bekker Articulation of units and redesign of component 
Member ASAE parts (based on soil measurement research) show 
promise as means for improved performance 


RACK-TYPE tractors have not radically changed since Studies originated more than 10 years ago under the 
"Tso, when the Messrs. Hornsby introduced the steer- auspices of the Canadian National Research Council and de- 
ing concept which requires a fixed width-length ratio veloped subsequently by the United States Army Ordnance 
(Fig. 1). Since that time the thrust/weight and drawbar- Corps led to the development of a theory of soil-vehicle 
pull/weight ratios of the vehicle have remained practically relationship (1) *. 
constant. This must be considered a serious disadvantage, 
as will be discussed in the following paragraphs. 


This theory has suggested a new way of improving trac- 
tor performance by either increasing their drawbar pull with- 
Paper presented at the 51st Annual Meeting of the American ar changing the weight or by reducing weight of the tractor 
Society of Agricultural Engineers at Santa Barbara, Calif., June without loss of pull. 
1958, on a program arranged by the Power and Machinery Division. The equation which relates thrust T of the conventional 
Article and photographs have been produced with permission of trator to its weight W’, soil friction ¢, cohesion c, and 


the Ordnance Tank-Automotive Command. cael Sikcepliien 16 ae f 
The author — M. G. BEKKER — is chief, Land Locomotion Re- Greene prpeeme Pp aay WEEKER sm Ces SOEm: 
search Branch, Research and Development Division, Ordnance Ree esr Bs ee ED 


Tank-Automotive Command, Detroit, Mich. 


It results from this equation that further increase of T/W is 
impossible without a further decrease of p. Since the ground 


F ; ++ pressure undoubtedly has reached the ultimate, there has 
1\2|3/4)/5 6 78 9| P CONVENTIONAL been little change for past decades; the present design trend 
PTCrerTrry Toe illustrated by equation [1] and Fig.1 appears to have 
(5 | ‘a | CTT reached its end—no radical improvement can be expected 
es = without a radical departure from present practice. 

5 7 | | b SPACED LINK However, if the cleats of the track are spaced apart in an 
6 | 9 | | appropriate way, then the thrust may be expressed by the 

= "hn following equation {1}: 
ate -1 T=2Nb (csnetys*my) sin@ . .« «Se «2 
e where N is the number of cleats of one track laying on the 
5 ground; 4 is the track width; s is the length of the cleat; . 
a and ny are coefficients depending on soil friction ¢ and cleat 
2 dimensions. These coefficients were tabulated in refer- 

| ence(1). T/W=tan 6. 
Take, for comparison, a conventional track composed of 
Wert cleats 1, 2, 3, 4, 5, 6, 7, 8, 9, etc., and place cleats 2 and 3, 
— wee 5 and 6, 8 and 9, etc., on both sides of cleats 1, 4 and 7 

Fig. 2 Thrust of a track is improved over conventional track when 
cleats are spaced as indicated. *Numbers in parentheses refer to the appended references. 
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creases of 


link 


has es ee 
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etc. which remain in their original position (Fig. 2). If the 
spacing is properly defined(1), the thrust of such a track 
will be superior to that of a conventional track within 
definite load limits, as computations performed by means of 
equations [1] and [2] show. 

If the spacing is smaller than a certain theoretical value 
determined from reference (1), the spaced-link track thus 
obtained will behave in most frictional soils (those com- 
monly prevailing in agriculture and road construction), as 
a conventional track. An explanation of this phenomenon is 
similar to that known in soil mechanics under the term of 
“arching effect’ (3). 

In general, it has been demonstrated that, in order to 
obtain the conventional thrust, it is not necessary to build 
tracks composed of a continuous chain of closely mounted 
cleats. Wide gaps in those chains do not necessarily lower 
track performance. On the contrary, an appropriate spacing 
of track cleats is essential to improve the thrust. Thus a 
spaced-link track as described in Fig. 2 will be superior to 
the conventional one in most cases. 

Results were tested in the field by means of experi- 
mental full-size vehicles, including one agricultural tractor. 
Tests showed thrust increases of the order of 100 percent. 
A comparison between a spaced-link and conventional track 
is shown in Fig. 3. One of the experimental tracks is shown 
in Fig. 4; a bellyless, spaced-link, tracked vehicle developed 
by the U.S. Ordnance Corps is shown in Fig. 5. 

A general explanation of the fact that empty spaces be- 
tween cleats produce thrust and carry the load is shown in 
Fig. 6. In this figure the rear cleat, which is close to its 
neighbor, shears the soil—as the well-distinguishable disrup- 
tion of soil particles shows—in a shallow short volume. 
However, the front cleat, unobstructed by another one, 
shears soil within a deep and far extending soil volume. 

It may be demonstrated that the shallow shear produces 
less thrust than the deep shear. Thus, the front cleat con- 
tributes more to the pull of the considered two cleat “track” 
than the rear one. Accordingly, it is essential to space the 
cleats in such a way as required to avoid their mutual ob- 
structing of shear pattern(1, 4). 

Equation {2} indicates that thrust may be increased to 
any desired amount if the number and size of the cleats is 
increased. This requires the lengthening of the track. But, 
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Fig.3 (Left) Thrust in- 
100 percent 
were reported for spaced- 
track (above) 
conventional track ¢ Fig. 
4 (Right) An experimental 

track recently tested 


over 


Fig. 5 Shown is a bellyless, spaced-link, tracked vehicle developed 
by the U.S. Ordnance Corps 


Fig.6 Thrust advantages are dramatically illustrated. The rear 

cleat, which is close to the first, shears the soil in a shallow, short 

soil volume. The front cleat shears soil within a deep and far 
extending volume 


Fig. 7 Miniature scale vehicles were used for many tests 
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CONVENTIONAL 


Fig. 8 Comparison between a two-unit tractor and conventional 
tractor 


the conventional vehicle cannot be elongated beyond a cer- 
tain length/width ratio because it would not steer. 

However, the potential gains in drawbar pull produced 
by the application of the spaced-link track convinced this 
author that a radical departure from the half-century tradi- 
tion may be advisable. Accordingly, abandonment of the 
present steering concept and the use of a tractor composed of 
two or three self-propelled units steered by pivoting each 
unit around the joint was suggested some time ago(1). A 
general elaboration of that concept, termed the “train con- 
cept,” was described elsewhere (5). 

Tests performed by the author in 1949-51 with a scale 
model of such a vehicle (Fig. 7) and the latest experience 
with full size vehicles of this type developed by Canadair, a 
subsidiary of General Dynamics Corporation, and the U.S. 
Transportation Corps, in cooperation with Wilson Nuttall & 
Raymond Engrs. Inc., seem to confirm all the expectations. 

General concept and potential gains of articulated 
spaced-link tractors are illustrated in Figs. 8, 9, and 10. Fig. 
8 shows a sketch of a two-unit tractor as compared to a con- 
ventional one. 


Experiments and computations performed in accordance 
with the discussed theory (1, 5) show that the improvement 
of pull would be of the order of 52 percent in a sandy soil 


HIGH THRUST TRACTOR 
<+—WEIGHT AND THRUST IN DRY SAND (DESERT) 


<>==WEIGHT AND THRUST IN WET COMPACT SANDY 
SOil 


17800 LB 
a 
8000 LB LLL: 


es 6s. —ee ot 
fd 
STEERING 
\ 4 TRACK 
Tier © 
rH2—— 


and of the order of 112 percent in a cohesive (sticky) soil 
if the conventional tractor is replaced by the spaced-link 
articulated one. 


Fig. 9 shows a three-unit tractor. Performance curves of 
that tractor and of the comparable conventional tractor are 
shown in Fig. 10. In soil having friction of 39 deg and co- 
hesion of 0.3 psi, a 10,000 Ib conventional tractor similar 
to that shown in Fig. 8 will pull only 9,900 lb while the con- 
sidered spaced-link articulated tractor of the same weight 
will pull 17,800 lb. Thus the thrust improvement would 
amount to 80 percent in that particular soil. Thrust gain 
may be computed by means of this method in any soil, pro- 
vided that soil data contained in equations [1} and [2} 
are given. 

The redesign of tractor components and attachments in 
order to materialize these ideas would be an enormous 
project. The author feels encouraged, however, to present 
these ideas at the present time because articulated wheeled 
tractors were discussed at the ASAE meeting in Chicago in 
December, 1957, and other promising features of this con- 
figuration were mentioned. 

The spaced-link track is a reality, experimentally tested, 
and so is the steering by articulation. It would appear, there- 
fore, that the time may be ripe for the next step in a search 
for better performance. 


It must be stressed, however, that notwithstanding what 
the value of an articulated spaced-link tractor may be, any 
further research must be based on physical measurements of 
soil such as, or similar to, those mentioned in this paper. 
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Fig.9 (Left) A three-unit tractor offers thrust improvement over single conventional model ¢ Fig. 10 (Right) Performance of three- 
unit tractor is compared with conventional tractor 
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Energy Requirements 


for Cutting Forage 


W. J. Chancellor 


Assoc. Member ASAE 


Actual cutting of forage crops re- 
quires only small portion of energy 
supplied to most hay-cutting devices 


ANY investigations have been made of the power 
requirements of machines that cut or chop forage 
crops. The power used for cutting alone is usually 

proportioned from total power by one of various analysis 
procedures. This is a report of laboratory experiments 
designed to determine the nature of the cutting process 
directly, together with the effects of some of its more 
common variables. 

Fig. 1 shows the apparatus used to measure (and con- 
tinuously record) blade forces and movement at a rate of 
lin. per sec. This procedure permitted evaluation of 
energy consumed. The cross-sectional area of the stems 
being cut — controlled at fixed values — was measured by 
determining the weight of dry matter contained per unit of 
length of the bundle of stems. 

Blade velocities similar to those found in reciprocating 
mowers (70 to 200 in. per sec) were obtained with the 
equipment shown in Fig. 2. An accelerometer pickup was 
attached to the stationary edge assembly. Maximum force 
values were computed from maximum accelerations. 
Assumption of a constant relative velocity between the 
cutting edges permitted energy-consumption values to be 
calculated from the results obtained by electrical integration 
of acceleration with respect to time. 


Paper presented at 5ist Annual Meeting of the American So- 
ciety of Agricultural Engineers, Santa Barbara, Calif., June 1958, 
on a program arranged by the Power and Machinery Division. 
Work is based on Ph.D. thesis at Cornell University, Ithaca, N. Y. 

The author—W. J. CHANCELLOR —is assistant agricultural 
engineer, agricultural engineering department, University of Cali- 
fornia, Davis. 

Acknowledgment: The author is grateful to professor C. W. 
Terry of Cornell University for his valuable advice and assistance 
in conducting this study. 
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Other apparatus was used for cutting single stems upon 
impact with a blade moving at velocities similar to those of 
commercial impact-type cutters (140 to 280 fps). The only 
quantity measured was the deflection of the stem at the 
point of blade contact, from which the portion of energy 
transmitted to the stem was computed. 

Following are interpretations of the results of several 
thousand trials with this and similar equipment. Each of 
the curves plotted represents an average of numerous groups 
of trials. 


Nature of the Cutting Process 

Fig. 3 is a representative trace of blade forces versus 
blade movement. In area A, the pile of stems is being com- 
pressed without cutting taking place. In area B, compres- 
sion and adjustment to pressure are continuing after the 
failure of one or two stems immediately adjacent to the 
blade. In area C, stem failure is taking place regularly as 
the blade progresses. 

Observations at a cutting speed of 1 in. per min indicate 
that during compression each stem is flattened into two 


Fig. 1 (Top) Apparatus for meas- 
uring cutting forces and energies 
at a speed of 1 in. per sec 


Fig. 2 (Left) Equipment used for 
measuring cutting forces at blade 
speeds up to 200 in. per sec 
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timothy stems 20% moisture 
biede width = Zin. 
blode speed |in.per min 


Force on Blade - Ib. 


Distonce Between Cutting Edges- inches 


Fig. 3 Force-displacement diagram for a mower blade cutting a 
cross-sectional area in which 0.00108 lb of dry matter are contained 
per lineal inch of the bundle of stems 


sheets of fibers. These fiber sheets fail separately, causing 
the jagged appearance of the trace in area C. This system of 
failure is similar to that found with single stems(1)*. 

It is believed that the fiber sheet is stressed (a) by 
bending around the blade edge and (4) by direct compres- 
sion from the blade. These stresses are thought to combine 
to produce a series of minute tensile failures on a plane of 
maximum shear stress inclined about 45 deg from the stem 
axis. This cutting process, then, is different from the shear- 
ing process that occurs in a piece of metal with the same 
mechanism. 


Effect of Variables 

Units of Measurement. Energy consumption is ex- 
pressed in terms of the number of horsepower-hours re- 
quired to chop to ¥4-in. lengths, an amount of material con- 
taining 1 ton of dry matter. Values in these units can be 
directly applied to a forage harvester if they are first ad- 
justed for length of cut relative to 4% in. For application to 
a mower the length of cut can be assumed to be equal to the 
height of the crop. 

For all cases except Fig. 8, maximum forces are given 
in pounds per inch of blade width. 


Blade Sharpness. Trials were conducted with blades 
that had been dulled a fixed amount by grinding. The 
thickness of the edge or face resting against the stems is 
specified in Fig. 4. It is shown here that force and energy 
requirements both increase with blade dullness, but only 
slightly until a definite degree of dullness (edge thickness 
of about 0.0035 in.) is reached. It is believed that the 
critical value of edge thickness increases as the coarseness of 
the stem increases. Also shown in Fig. 4 are lines indicating 
force values at which an edge of specified thickness would 
fail from compressive stresses at levels of 60,000 and 
100,000 psi. This indicates that the edge of an extremely 
sharp blade will be rapidly dulled to a given thickness, but 
that the increased forces resulting from this dulling are in- 
capable of producing much further immediate dulling. 


Blade Bevel Angle. Fig.5 illustrates the results ob- 
tained with blades of various bevel angles. Again it can be 
noticed that force and energy values increase only after the 


*Numbers in parentheses refer to the appended references. 
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Fig.4 The effect of dullness on cutting force and energy require 
ments. The lines on the left show the force required to cause edge 


failure at any given edge thickness 


angle exceeds 30 deg. This is similar to the results of Ger- 
man researchers who found in a 15-hr test that an angle of 
24 deg was the most efficient and that small bevel angles 
resulted in rapid wear and dulling(2). 

Aggregate Thickness of Material Between Edges. If 
the blades are suitably beveled and sharpened, the most sig- 
nificant mechanical factor is the aggregate thickness of the 
material being cut. The greater the aggregate thickness, the 
greater will be the energy and maximum force values re- 
quired for cutting. Fig. 6 shows this to be true with a full 
range of moisture contents. The aggregate thickness factor 
can as much as double the energy requirements and triple 
the force values. 

The aggregate thickness of material in Figs. 6 and 7 is 
given in units of pounds of dry matter per square inch of 
supporting surface. If the stems are imagined lying on a 
table, the aggregate thickness of the material would be meas- 
ured by the weight of dry matter lying over 1 sq in. of table 
surface. Fig. 7 shows the effect of the aggregate thickness to 
be similar with the three plant species tested. It is believed 
that, with greater aggregate thickness of materials, a greater 
force is required to compress the pile of stems to a firmness 
that will permit continued cutting. The greater forces 
needed before and during cutting result in a greater energy 
consumption. 
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Fig.5 Effect of bevel angle on cutting force and energy 
requirements 
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Fig.6 Effect of aggregate material thickness and moisture content 
on cutting force and energy requirements 


Edge Types. In all cases, forces and energies were 
greater for blades serrated on the under side than for 
smooth-edged blades (Fig. 8). This is attributed to the in- 
creased thickness of the zone over which an under-serrated 
blade tends to apply pressure, 7.¢., the edge is not all in 
one cutting plane. 

As opposed to a square stationary edge, a sharpened 
stationary edge reduced maximum forces slightly. When 
used with an under-serrated blade it reduced cutting energy. 


Blade Velocity. The values in Fig. 8 were obtained at 
speeds ranging from 69 to 204 in. per sec. Throughout this 
range no significant changes in force or energy values due to 
speed were noticed. The energy values at these speeds were 
of the same magnitude as energy values obtained at a speed 
of 1 in. per sec when all other factors were the same. 

When cutting by impact it was assumed that the energy 
consumed in stem failure alone was similar to that measured 
at lower speeds. The additional energy transferred from the 
blade to the stem during impact was computed from the 
measured stalk deflection at the point of blade contact. This 
deflection was not affected much by variation of blade speed 
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within the range of 140 to 280 fps. It was approximately 
lin. for a mature timothy stem supported 4 in. from the 
point of blade contact. 

The most significant factor affecting this deflection was 
the size of the individual stem. The average transferred 
energies were 0.383 and 0.083 hp-hr per ton of dry matter 
for heavy and light stems, respectively. The large difference 
between these values can be more easily understood when 
it is realized that the heavy stem, because of its greater 
dimension and requirement for a higher cutting force, is 
in contact with the blade longer and acted upon with a 
greater force during contact. Thus the cutting force is 
applied at higher stem velocities, which results in greater 
energy transfer. If a larger stem or group of stems were 
encountered by the blade, the amount of energy transfer 
might increase to the point where cutting would become 
incomplete. 

Photographs taken with a high-speed flash apparatus 
showed that, when cutting by impact, the stem becomes 
completely severed before any noticeable amount of deflec- 
tion occurs. The deflection that does take place occurs after 
the passage of the blade. 


Clearance Between Edges. The amount of clearance pos- 
sible without inefficient cutting is believed to depend on the 
coarseness of the stems: the coarser the stem, the more clear- 
ance is permissible. Fig. 8 shows that, with mature timothy 
stems, up to 0.025 in. can be tolerated if a smooth-edged 
blade is used. An under-serrated blade will have an effec- 
tive clearance greater than the measured value. Fig. 8 shows 
that, with an under-serrated blade, energy consumption has 
begun to increase at a clearance of 0.025 in. 


Angle Between Edges. Results show that maximum 
forces decrease as the angle between the edges increases, 
and that energy requirements are minimum at angles be- 
tween 0 and 20 deg. 


Moisture Content. Fig. 6 illustrates the higher energy 
requirements and lower maximum forces at higher mois- 
ture contents. However, the highest force values occurred at 
35 percent moisture, when the stems could be described as 
“tough”. 

Plant Species. The energy requirements for dry stems 
of three different plants are shown in Fig. 7. In all cases 
the values for alfalfa were highest. This is attributed to the 
increased size and firmness of the alfalfa stem, which 
necessitated greater blade travel at higher force levels. 
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Fig. 8 Effect of clearance and blade type on cutting force and energy 


requirements. The cross-sectional area is such that 0.00054 lb of dry 
matter is contained per inch of length of the bundle of stems 
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. . . Energy Requirements 


Application of Experimental Values 
Example I — Forage Harvester: 
Material — standing timothy — 75 percent moisture. 
Length of cut — 1 in. 
Number of cuts per minute — 3200. 
Rate of harvesting — 30 tons per hour. 
Throat width — 14 in. 
Pounds of dry matter per minute= 


30 ton/hr X 2000 Ib/ton X 25 percent dry matter 
60 min/hr 
=250 Ib/min 
Aggregate thickness of material = 
250 lb/min 


3200 cut/min X 1 in./cut X 14-in. throat 
=0.00558 Ib/sq in. 


From Fig. 6, rate of energy consumption=1.3 hp-hr 
per ton of dry matter chopped to '-in. length. Since 
length of cut is 1 in., energy rate is 0.65 hp-hr per ton of 
dry matter. 


0.65 hp-hr/ton X 30 ton/hr X 25 percent dry matter 
=4.88 hp 


Example II — Mower: 

Material — standing timothy. 

Average height of crop — 24 in. 

Expected yield — 2 tons of 20 percent moisture hay per 
acre. 

Width of swath — 7 ft. 

Rate of travel — 7 mph. 

Blade type — under-serrated. 

Tons of dry matter per hour= 


7 mph X 5280 ft/mi X 7 ft X 2ton/A 
80 percent dry matter 


43560 sq ft/A 
=9.53 ton/hr 


From Fig. 8, energy consumption is 0.56 hp-hr per ton 
of dry matter cut to ¥%-in. lengths. Because the cross-sec- 
tional area of the base of the stalks cut by a mower is ap- 
proximately twice the average area of the stalk, this value 
is doubled to 1.12 hp-hr per ton, for application to a mower. 
Since this value is based on a ¥4-in. length of cut, and only 
one cut is made in each 24-in. stalk, the power requirement 
is computed by: 

9.53 ton/hr X 1.12 hp-hr/ton X ¥ in. 


24 in. 


=0.22 hp 


Conclusions 

1 The amount of energy required to cut the forage 
crops tested ranged from 0.4 to 2.4hp-hr per ton of dry 
matter chopped to ¥-in. lengths. This is less than has been 
generally expected and represents a minor portion of the 
energy supplied to most hay-cutting devices. 

2 Blade forces range downward from 300 lb per in. of 
blade edge, with usual values less than 150 Ib per in. 

3 Other than blade bevel and sharpness, the most im- 
portant factor affecting cutting forces and energies is aggre- 
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gate thickness of the material between the cutting edges. 

4 When cutting by impact, single stems are cut before 
they can deflect noticeably. The deflection that does occur is 
a result of energy transferred during cutting. Larger stems 
and groups of stems will result in the transfer of greater 
amounts of energy. 
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Discussion on “Energy Requirements 
for Cutting Forage” 


C. B. Richey 
Member ASAE 
M& CHANCELLOR is to be commended for securing 
basic information on the fundamental process of 
cutting forage. Cutting power is particularly important in 
field forage harvesters. 

The power required by a forage harvester cutter head is 
influenced by the following factors: 

Air and bearing friction. 

Kinetic energy imparted to the material by knives and 

paddles. 

Frictional resistance of the material as it passes through 

the housing. 

Cutting energy, depending primarily on length of cut 

and shearing resistance of the material. 

In attempting to increase the efficiency of a forage har- 
vester it is mecessary to be able to determine the power 
required for each of the above items. Then the effects of 
various design changes can be readily evaluated. 

Air and bearing friction can be approximated by meas- 
uring no-load power at the operating speed, although air 
delivery is probably reduced somewhat when cutting 
material. 

Kinetic energy is a function of material weight and 
velocity and can be calculated as follows: 

Kinetic energy, hp-hr/ton= 
(peripheral velocity, fps)*/63,680 
About 100 fps is usually considered the practical minimum 
for satisfactory delivery of all materials to the rear of the 
wagon. 

Frictional resistance of the material is difficult to evalu- 

Paper prepared for discussion of Energy Requirements for Cut- 
ting Forage by W. J. Chancellor and was presented at the 5lst 
Annual Meeting of the American Society of Agricultural Engineers 


at Santa Barbara, June 1958, on a program arranged by the Power 
and Machinery Division. 


The author — C. B. RicHEy — is chief research engineer, Tractor 
and Implement Division, Ford Motor Co. 
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ate. Calculations based on angle of wiping contact, cen- 
trifugal force, weight of material and coefficient of friction 
have been made by Barrington, Berge and Duffee and also 
by Blevins (see references, Chancellor article), but the exact 
path of the cut forage through the machine may vary from 
that assumed for the calculations. 

If the cutting energy required by the material is known, 
it can be added to the kinetic energy and the no-load power. 
Then the difference between the sum of these and the total 
cutterhead power represents the power expended to over- 
come frictional resistance of the cut material passing through 
the housing. This latter item is entirely parasitic and offers 
the greatest opportunity for reducing forage harvester 
power requirements. Evaluation of cutting energy has been 
the missing link in forage harvester power analysis and Mr. 
Chancellor's paper is of particular interest from this stand- 
point. 

The problem of evaluating cutting energy has, in our 
work, been approached from the standpoint of comparing 
power requirements at different lengths of cut. This ap- 
proach was made after the field tests had been made and 
only a limited number of runs were found suitable for 
analysis, so the results cannot be taken as conclusive, al- 
though they are not greatly different from those indicated 
by Mr. Chancellor. 

It is logical to assume that cutting energy per ton is 
inversely proportional to the theoretical length of cut. If 
power comparisons are available for the same material cut 
at two different lengths but at the same knife speed and the 
same rate, it is possible to estimate cutting energy from 
the difference in horsepower-hours per ton by the use of the 
following formula: 


Cutting energy to cut into 1-in. lengths, hp-hr per ton 
(difference in cutter head energy between two runs, 
hp-hr per ton) 

(additional cuts per inch in shorter-cut run) 


(cutter head hp-hr per ton at length A — cutter head 
hp-hr per ton at length B) 


fe (cuts per inch at length A — cuts per inch at length B) 


For example, if green alfalfa required 1.25 hp-hr per ton 
at ¥4-in. cut and 1.0 hp-hr per ton at 1-in. cut 
Cutting energy= (1.25—1.0)/(2—1) 
=0.25 hp-hr per ton per inch 
This method of determining cutting energy did not 
give consistent results with cuts over 144-in. long, partic- 


TABLE 1. 


ularly with cutterheads having high friction losses. Appar- 
ently the longer pieces caused extra friction where the clear- 
ance was close, and in some cases little power was saved 
by going to the longer cut. 

In comparing two runs, it is important that they be 
run at the same cutterhead speed, since speed is an impor- 
tant factor in power consumption. The change in kinetic 
energy with speed can be calculated as shown above, and 
corrected for, but the friction effects of the additional cen- 
trifugal force cannot be accurately evaluated. 

In Table 1, data for several comparable pairs of runs are 
shown with the calculated cutting energy, using the above 
method of analysis. These results indicate that a figure of 
0.25 hp-hr per ton for 1-in. theoretical length of cut may 
be a reasonable assumption for green alfalfa with 72.5 per- 
cent moisture. This would give 0.9 hp-hr per ton of dry 
matter for 1-in. cuts or 1.8 hp-hr per ton dry matter for 
¥-in. cuts. This is near the upper end of the range indi- 
cated in Chancellor's Fig. 6. 

In the first pair of Ford flywheel tests, layer thickness 
was held constant and length of cut changed by dropping 
from six knives to two knives. In the other tests, length of 
cut was varied by changing the feed speed, resulting in a 
thinner layer for the longer cuts. This would tend to penal- 
ize the short cut somewhat, increasing the estimate of cutting 
energy, according to Chancellor's findings. In these tests, 
the effect of layer thickness does not appear to be important. 
Knives were reasonably sharp in the Ford tests but sharp- 
ness was not measured. 

Generally in the Ford tests, the cutter head hp-hr per 
ton decreased with increasing feed rates except where extra 
friction was apparently introduced due to overloading the 
cutterhead housing. This increased efficiency at higher rates 
would indicate that greater layer thickness did not greatly 
increase cutting energy requirements. 

It is possible that the high speed cutting action of a 
forage harvester, five or six times the velocity of Mr. Chan- 
cellor’s highest speed of 204 in. per sec, compresses the hay 
without allowing it to spring back appreciably between cuts. 
A four-blade cylinder type cutterhead operating at 1000 rpm 
makes 67 cuts per second, allowing little time for spring 
back between cuts and reducing energy consumption needed 
for recompression at each cut. In Mr. Chancellor's tests 
of single stroke cutting, the energy required would always 
include full compression of the material, perhaps account- 
ing for the increase in energy with layer thickness. Thus, 
layer thickness could be an important factor in mower 
power but less important in forage harvester power. 


CUTTING ENERGY REQUIRED FOR GREEN ALFALFA, 72.5 PERCENT MOISTURE, CALCULATED FROM 


COMPARABLE PAIRS OF TESTS OF VARIOUS FORAGE HARVESTERS 


Type of 
cutterhead 


Theo. length 


Source of data of cut, in. 
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Knife tip Rate, tons Cutter head 
speed, fpm per hour 


4120 


6240 
6250 


Cutter 
head energy 
hp-hr 
per ton 


Feed 
layer, Ib 
dry matter 
per sq. in. 


Calc. cutting 
energy, hp-hr per 


power, hp ton for 1-in. cuts 


22.6 
18.7 
18.7 
18.0 
14.5 
16.1 
13.8 
13.2 


16.8 


27.3 


0.86 
0.63 


0.63 
0.53 


1.11 


19.5 
11.7 
11.7 

9.6 
16.1 
15.1 
26.7 
21.3 


18.4 
21.1 


0.0028 
0.0011 


0.0011 
0.0005 


0.0042 
0.0023 


0.0063 
0.0060 


0.0075 
0.0063 
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Discussion on “Energy Requirements for 
Cutting Forage” 


R. P. Prince, W. C. Wheeler and D. A. Fisher 
Assoc. Member ASAE Member ASAE 


HE energy requirement problem in harvesting forage 
crops was undertaken by the agricultural engineering 
department of the Storrs Connecticut Agricultural 
Experiment Station as a contributing project to Regional 
Research Project NE-13, “The Mechanization of Forage 
Crops, Harvesting, Processing, Storing and Feeding.” A 


Paper prepared for discussion of Energy Requirements for Cut- 
ting Forage by W. J. Chancellor and was presented at the 5ist 
Annual Meeting of the American Society of Agricultural Engineers 
at Santa Barbara, Calif., June 1958, on a program arranged by the 
Power and Machinery Division. 

The authors — RALPH P. Prince, WILLIAM C. WHEELER, and 
Davin A. FisHER — are respectively, assistant professor and pro- 
fessor of agricultural engineering and professor of mechanical 
engineering, University of Connecticut, Storrs. 

Acknowledgment: The authors are grateful to John J. Kolega, 
associate professor of agricultural engineering, University of New 
Hampshire, for his contribution to this project. 


Fig. 1 Aluminum sensing link for mower knife 
force determination 


Fig. 2 Instrumented sensing link in position for force 
measurements 
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Fig. 3 Cutting pattern for one stalk of alfalfa 
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dual approach to the problem is under way. One is to 
analyze the cutting action and the. actual cutting forces of 
conventional mowing machines. The other approach is to 
determine the unit cutting (or shearing) energy of the more 
common forage plants. 


Cutting Action 

A motion picture of the cutting action of a mower was 
filmed at the rate of 3000 frames per sec. The mower crank 
speed was 1000 rpm and the equivalent ground speed was 
3% mph. A 4-in. cutting height was maintained throughout. 
With this combination of ground to crank speed (1.92 in. 
per stroke) double shear on the stubble occurred. There is 
some indication that crushing one stalk against another 
occurs in heavy stands rather than the shearing of stalks 
against the ledger plate. Under these conditions fiber failure 
evidently occurs in tension rather than in shear which tend 
to increase the energy requirement. 


Mower Field Tests 

Two mower knives were instrumented with SR-4 strain 
gage sensing links, Figs. 1 and 2. These aluminum links were 
capable of sensing both tension and compressive loads rang- 
ing from 0 to 500 lb. A total load in either direction of 
knife travel was therefore obtained. Assuming that friction 
forces did not change from no cutting to cutting, the differ- 
ence in the force was then a measure of the actual cutting 
force. This assumption of the friction forces remaining 
rather constant was apparently in error because a force ap- 
proximately 10 times the actual force required for cutting, 
on an individual stalk basis, was recorded. 

Our results show numerous ways in which energy trans- 
fer may occur besides friction. The bending of the stalks to 
the ledger plate, the cutting of one stalk against another 
and the cutting at angles other than 90 deg all combine to 
influence the forces on the cutterbar knife. It is possible to 
have a combination of these effects throughout a single 
stroke. 


Individual Stalk Energy Requirement 

There were three phases to the analysis of single stalk 
forage cutting characteristics. First was the determination 
of stalk deformation, fiber failure and the point where actual 
shear occurred. Second was to determine the energy re- 
quired to shear single stalks under known conditions and 
third was to determine the effect of dullness of knife edge 
on the energy requirement. 

To make some determination of the cutting process a 


Fig. 4 The dynamic shear testing machine 
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TABLE 1. ENERGY REQUIRED TO SHEAR SINGLE STALKS OF TYPICAL FORAGE PLANTS 
(Knife Velocity — 113 Inches per second.) 

DEVIATION AVERAGE 

ENERGY REQUIRED DIAMETER FROM MOISTURE 

E = ENERGY — INCH POUNDS _RANGE- AGE- EQUATION CONTENT- 
GRASS D = DIAMETER — INCHES INCHES DAYS INCHPOUNDS % 
Alfalfa E= 0.0895 — 256D + 24.7D2 0.06 — 0.14 28 +0.02 80 
Alfalfa E = —026 + 258D + 11.5D2 0.10 — 030 35 — 37 +0.15 78 
Alfalfa E= 000211 — 0633D + 266D2 0.08 — 0.13 55 +0.04 73 
Alfalfa E = —0.0412 + 0316D + 216D2 0.06 — 0.14 35 — 42 +0.04 72 

(Second Cut) 

Blue Grass E = 0.0066 + 0372D + 653D2 0.02 — 006 35 — 40 +001 70 
Ladino Clover E= 00366 —0560D + 679D2 0.04 — 0.14 40 — 42 +001 87 
Orchard Grass E = —0,0379 + 124D + 5.64D2 0.06 — 0.11 30 +0.02 74 
Orchard Grass E= 0215 — 35D + 33.3D2 099 — 0.13 45 +0.04 68 
Reed Canary E= 0.106 — 0.210D + 204D2 015 — 0.27 35 +015 76 
Timothy E = —0.0522 + 165D + 896D2 0.06 — 0.12 35 — 40 +0.03 78 


knife was made to move slowly through the stalk and past 
a stationary knife. By knowing both the load and the dis- 
tance the knife moved, the curve shown in Fig. 3 was ob- 
tained. The area under the curve is an indication of the 
total energy required for the cutting process. The initial 
deformation period accounted for about 25 percent of the 
total energy process. Evidently the force pattern changes 
with knife speed due to the time rate of stalk deformation 
causing some reduction in energy requirement. 

A pendulum (Fig. 4) was used to determine the total 
energy required to shear individual forage stalks. The 
velocity at impact was 113 in. per sec. The knives were 
ground to an 18-deg included angle. These design features 
were in keeping with the design of some conventional 
mowers. 

Samples of the more common forages were tested dur- 
ing 1956. Plants were first cut in the field at ground level. 
The cut in the laboratory corresponded to standard mower 
field practice. 

A minimum of 50 stalks of each species constituted a 
test sample. Energy values were plotted against the stalk 
diameter at the point of cut. A curve was then fitted to the 
data using the least square method. The equations shown in 
Table 1 are valid only in the diameter range indicated. It 
is interesting to note that 85 percent of the data points fell 
within the deviation range indicated in the table. 

Figs. 5 and 6 show the energy required to cut individual 
forage stalks. In general, the younger and more succulent 
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Fig.5 Energy required to cut single forage 
stalks 
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3 CrES PER SECOND pnd 


Fig.6 Energy required to cut single forage 
stalks 


plants require less energy than the more mature plants. For 
example, alfalfa at 55 days required about twice the energy 
to cut as alfalfa at 28 days for the same stalk diameter 
while the moisture content dropped only 7 percent. Evi- 
dently moisture content affects the energy requirement only 
slightly. This increase in energy requirement was more 
likely caused by changes in plant cell structure and physical 
changes within the plant which are affected by soil and 
weather conditions. 

Tests on alfalfa were made to determine the variations 
in fiber strength along the stalk from the base and upward. 
Cuts were made at 1-in. intervals. The ratio of the energy at 
any point to the energy required at a distance of 3 in. from 
the base is shown in Fig. 7. From the base to about 3 in. 
above the base the energy value remained rather constant. 
At a distance of 10 in. from the base the energy value had 
decreased by one-half. This decrease in energy value may 
be attributed to the corresponding decrease in stalk diameter. 

To bring out the effect of fiber strength, the energy 
required at each point was divided by the corresponding 
cross-sectional area. The curve of energy per square inch 
indicates that the energy requirement decreases more rapidly 
than the area. This effect may then be considered a measure 
of the decrease in toughness of the fiber along the length of 
the stem. 

Three sets of knives were made up to simulate dulled 
knife and ledger plate condition of conventional mowers. 
While the mowing machine knife is seldom dulled uni- 

(Continued on page 652) 
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Measuring Light Transmittance 
Properties of Agricultural Commodities 


Instrumentation makes possible measurements of 


K. H. Norris 


Member ASAE 


maturity, internal color and internal defects in ap- 
ples, peaches, and most other fruits and vegetables 


— at speeds sufficient to permit automatic sorting 


UCH effort has been devoted to techniques for 

evaluating surface appearance of agricultural com- 

modities. This etfort has resulted in instruments 
to measure surface color and automatic machines to sort 
agricultural commodities on the basis of surface color. 
However, these developments do not permit evaluation of 
the interior characteristics of a sample. In most cases the 
interior characteristics are far more important than that of 
the exterior surface. 

Brant, Norris and Chin in 1953 (4)* described a 
technique for use in detecting blood in intact white-shell 
eggs. They made use of a Beckman DU Spectropho- 
tometer?, which had been modified by the addition of a 
more powerful light source, and the substitution of a multi- 
plier phototube and a sensitive recorder for the normal 
measuring circuit. With this instrumentation they were able 
to measure the spectral transmittance curves for intact eggs 
for the wavelength range from 400 to 700 my. The success 
of this effort inspired the development of instrumentation 
to measure the spectral transmittance properties of a wide 
range of agricultural commodities. 

Paper presented at the Winter Meeting of the American Society 
of Agricultural Engineers, Chicago, Ill., December 1957, on a pro- 
gram arranged by the Electric Power and Processing Division. 

The author — K. H. Norris — is agricultural engineer, Bio- 
logical Sciences Branch, AMS, USDA, Beltsville, Md. 

*Numbers in parentheses refer to the appended references. 

+The mention of specific instruments or trade names is made 
for purpose of identification and does not imply any endorsement 
by the U. S. Government. 


Acknowledgment: The author wishes to acknowledge the assist- 
ance of J. D. Rowan, G. S. Birth and C. K. Powell in the design 
and construction of the instrumentation. 
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Fig. 1 Block diagram of instrument for recording the spectral trans- 
mittance properties of intact fruits and vegetables 
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Design Consideration 

The main problem in attempting to measure the spectral 
transmittance properties of an object such as an apple or a 
tomato is the problem of collecting sufficient energy from 
the transmitted signal. Such samples contain a large quantity 
of scattering material. The light is not transmitted in a 
straight line through the object, but rather is reflected and 
scattered many times. As a result the light emerges from 
all parts of the sample. 

To collect the maximum amount of light under such 
conditions the phototube would have to be in the form of a 
sphere completely surrounding the sample. The nearest 
approach to this condition can be attained by enclosing the 
sample in a light-integrating sphere with a phototube view- 
ing a small port in the sphere to measure the brightness of 
the sphere surface. Nearly all of the transmitted light can 
be collected by this arrangement regardless of where it 
emerges from the sample. 

The interior surface of an integrating sphere must be 
coated with a material having a high diffuse reflectance over 
the spectral region to be covered. High-quality flat white 
paints are suitable for wavelengths from 500 to 1000 mp, 
but their reflectivity falls off rapidly for shorter wave- 
lengths. For most applications with agricultural commod- 
ities a titanium dioxide paint has proven adequate because 
the transmittance of such materials as peaches, apples, 
tomatoes, etc. is so low for wavelengths below 500 my that 
the transmitted energy cannot be measured. If measure- 
ments below 500 my are required, the interior surface of 
the sphere may be smoked with magnesium oxide, which 
has a high reflectivity down to 250 mp. The magnesium 
oxide is a fairly fragile surface, but with careful handling 
the surface can be used for several months, and it is not too 
difficult to resmoke the sphere. 

To obtain maximum signal response the sphere size, the 
sample, and the phototube port should bear a certain rela- 
tionship to each other. The mathematical analysis of this 
relationship is too complex for solution without the use of 
a high-speed computer. Since this relationship could not 
be derived, the size of the sphere and phototube port were 
selected by a reasonable choice. End-window multiplier 
phototubes having a flat cathode 1% in. in diameter were 
chosen to measure the light so the phototube port was also 
made 1% in. in diameter. A 12-in.-diameter sphere was 
chosen as the proper size for use with samples as large as 
3in. in diameter. A 24-in.-diameter sphere was selected 
for larger samples. 

For maximum signal response the sphere should be as 
small as possible, but it must be large in comparison with 
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the sample to prevent reflectivity effects from the surface 
of the sample. From the limited experience to date it ap- 
pears that the best choice would be a sphere diameter about 
five times the maximum dimension of the sample. The 
phototube port should be about one-tenth the diameter of 
the sphere. 

Even though an integrating sphere is used to collect the 
light transmitted by an apple, the amount of energy avail- 
able for measurement is very low unless a very powerful 
light source or a wide spectral bandwidth is used to illumi- 
nate the sample. The transmittance measurement should be 
made with a spectral bandwidth narrow enough to define 
the absorption bands present in agricultural commodities. 
This requires a bandwidth of 5 my or less in many cases. It 
is possible to attain this requirement without using an 
unreasonably large energy source by using multiplier photo- 
tubes and a high-gain amplifier. To attain the maximum 
signal-to-noise ratio a narrow-bandwidth tuned amplifier 
and a chopped light beam are essential. This system pro- 
vides a much greater zero stability and greatly reduces the 
noise fluctuations generated in the phototube. 


Construction 

Fig. 1 shows a block diagram of the instrument as con- 
structed in our laboratory. The light source is a ribbon-fila- 
ment, 100-watt tungsten lamp. The source beam is chopped 
by a sector disk rotating at 1700 rpm. This disk, containing 
12 uniformly spaced circular openings, produces a chopped 
beam at 340 cycles per second. A lens system images the 
lamp filament on the entrance slit of the monochromator. 
Provision is included for insertion of filters to reduce stray 
light when necessary. 

A Bausch and Lomb grating monochromator is used to 
disperse the light beam. A synchronous speed motor and 
a quick-change gear train were added to drive the wave- 
length drum. This arrangement provides wavelength drive 
speeds of 37.5, 75, 150, 300, 600, 900, and 1200 my per 
minute. The monochromator is mounted underneath the 
integrating sphere with the exit beam vertical. The 24-in. 
diameter sphere is split in the center with the upper hemis- 
phere movable for insertion of the sample. For the 12-in.- 
diameter sphere a 6-in. sector was cut from the bottom. 
This sector is mounted rigidly above the monochromator. 
The larger portion of the sphere is supported by a drill 
press frame. The sphere is raised vertically to insert the 
sample and then lowered into position for the measurement. 
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Fig. 2 Schematic of recording 
photometer 


In the lowered position the two parts of the sphere are 
sealed by a light-tight gasket to exclude external light. The 
interior of the sphere is painted wit': two coats of a high- 
quality flat white paint and then smoked with magnesium 
oxide. 

Two end-window multiplier phototubes are mounted on 
the top of the sphere with 11-in. diameter ports for each 
tube. Two phototubes are used to obtain as wide.a spectral 
response as possible. A DuMont K1292 with an S-1 photo- 
cathode surface and an RCA 5819 with an S-11 photocath- 
ode provide a useful spectral response from 350 my to 
1100 my. The output signals from these two phototubes 
are added by connecting the anodes together. Two separate 
high-voltage power supplies provide dynode voltages to the 
phototubes. Each power supply is highly regulated and 
adjustable from 500 to 1500 volts. The use of independent 
power supplies permits convenient adjustment of the sensi- 
tivity of each phototube. 

A narrow-bandwidth tuned amplifier was constructed 
for amplifying the anode signal. Fig. 2 shows a schematic 
of this amplifier. The first stage is a cathode follower in- 
corporating a step attenuator and a continuously variable 
attenuator. This is followed by two tuned amplifier sections 
using one stage of amplification and a cathode follower 
with a feedback circuit including a ladder type R-C rejection 
network. The constants of the feedback networks are 
chosen to provide a frequency of 340 cycles per second as 
described by Clothier and Hawes(5). The potentiometers 
used in these networks permit a slight adjustment of the 
tuned frequency to match that of the light-beam chopper. 

This amplifier exhibited a low frequency oscillation 
under some conditions. It was necessary to add a parallel 
resistive feedback path to the first amplifier section to 
correct this condition. This amplifier has a maximum gain 
of 20,000 with an input noise level of less than 1 pv. With 
an input impedance of 10 megohms it is thus possible to 
measure anode currents as low as 10-** amp. 

The output from the amplifier is rectified and filtered 
for indicating and recording by an electronic recorder. Two 
types of recorders have been used: an adjustable span (1 to 
20 mv) strip-chart recorder and an X-Y recorder. The re- 
sponse time of the system is 1 sec for full scale travel at the 
fastest speed. It can be increased to 5 sec for reducing noise 
fluctuations for low-speed recording. 

Since the wavelength drive of the monochromator gives 
a linear wavelength change with time the wavelength 
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. . . Light Transmittance 


calibration of the strip chart is quite simple. A microswitch 
is mounted on the wavelength drum to activate a marker 
pen on the recorder for each 100 my. A quick-change gear 
train is also used on the strip chart drive, so any desired 
spectral interval can be recorded on a convenient length of 
paper. The signal for the wavelength drive for the X-Y 
recorder is obtained from a 10-turn potentiometer coupled 
to the wavelength drum of the monochromator. The ad- 
justable zero and sensitivity of this recorder permits a wide 
range of wavelength spans to be recorded. 

The use of two phototubes provides a wide spectral re- 
sponse, but, of course, this response varies with wavelength. 
Therefore, the recorded transmittance curve for a sample is 
not a true transmittance curve. To obtain the true curve a 
correction must be made for the system response. For most 
applications it is not necessary to have a true curve, because 
the curve for one sample can be compared with the curve 
for another sample to determine the significant differences. 
However, for those cases where a true transmittance curve is 
desired a method has been developed to automatically cor- 
rect for the system response. To accomplish this the system 
response with no sample is recorded on the X-Y recorder 
using conducting ink. Using the curve-follower attachment 
for this recorder, this response curve can then be played 
back at will. A transmitting slidewire is included in the 
X-Y recorder. By substituting this slidewire for the span- 
adjusting potentiometer of the strip-chart recorder and by 
maintaining the wavelength synchronization between the 
recorders and the monochromator, the system response can 
be cancelled out and a flat response obtained. 


Performance 

Fig. 3 shows typical transmittance curves as recorded on 
the X-Y recorder. These are direct tracings inked by the 
recorder on drawing paper. For these curves the 5819 was 
operated at 600 v and the K1292 at 900 v. The slit width 
of 0.5 mm gives a bandwidth of 3.3 mp. Curve (A) 
is for a mature Jonathan apple, curve (B) is for a less 
mature apple, and curve (C) is the system response. For 
each curve the sensitivity of the amplifier was adjusted to 
give a full scale reading at the wavelength of maximum 
energy. Therefore, no importance should be given to the 
transmittance value at any one wavelength. However, the 
curves may be compared with each other or one wavelength 
may be compared with another on a given curve. Apple A 
shows evidence of absorption bands at 840 mp, 760my, 
675 mp, 630 mp, and a general absorption of all wave- 
lengths below 550 my. Apple B shows absorption bands at 
840 mp, 760 mp, 650 to 690 my, 630 my, 560 mp, and a 
general absorption of all wavelengths below 510 my. The 
absorption band at 760 my corresponds to a water band and 
that at 675 my to chlorophyll. The other absorption bands 
have not been identified. 

The curve for apple B shows a much higher absorp- 
tion than apple A in the chlorophyll region, indicating that 
its chlorophyll content is probably much greater. Also, the 
curve for apple B shows less absorption than apple A in the 
550 mu region, indicating that the pigment causing this 
absorption must be lower in apple B. From an external 
appearance apple A appeared to be more mature than apple 
B — it is to be expected that the more mature apple would 


642 


BRO Lik ~. Riso onl aa 


bad base 2 


ve ee ro Cm mo 
WAFLENSTH mw 


Fig. 3 Relative transmittance curves for two 

apples. Curve A is for a mature apple. Curve 

B is for a less mature apple. Curve C is the 
system response with no sample 


Fig. 4 Relative transmittance curves for two 

samples of ground beef. Curve A is for a lean 

ground beef sample. Curve B is for a fat ground 

beef sample. Curve C is the system response 
with no sample 


Fig.5 Transmittance curves for peaches 

of different maturity. Curve A is for a 

green peach. Curve B is for a peach of 

intermediate maturity. Curve C is for a 

peach that is near full maturity. Curve D 
is for a fully mature peach 


° ‘ s 2 6 2 2 2 x 
RELATIVE PEACH MATURITY (DAYS) 


Fig.6 Relationship between transmittance ratio and 

maturity for peaches. Each point represents the aver- 

age of six peaches picked from different parts of the 
same tree for each picking time 


AGRICULTURAL ENGINEERING * OCTOBER + 1958 


ee" RB oe og ere See eee se ee AL se ek a a "| Sear ea eet SY 
% a “a Fos aay eee : peste” = y cy eRe ees pe a es 6s 5 =a 
io Sie ee ee ee ae ee ee ee Ra ee oe : — ———ae 
i AN iy 
2 ae : 
eS, bi 
Bes * eG) * as 
a ae i 
. Ad Ey 
eRe) ae oy: 
5 oa ae 
SE y k 
a ae * . fs 
he ooeee ij 
Pee tee : 
rei 
ge wile 8 F 
ae PO sy Mg 
a 
a x 
pee ns 
te) faa 80 el 
Pet. ee as, : 
ere 
ee ba 
eae i RELATIVE ‘ 
a é TRANS- } 
Boe ioe MmeTTANCE 
am « 
aa . yi 
ro. meas 
rea 
Petia 
“a oe 20 
Gaia ii 
RC Peed § 
Eg eas 
hagas ae 
eee ; 
a " 
<2 ee 
oo eae % 
ag ee 
Vs a 
Yk 
Bp Tie a 
ae 
* agar 
oo wo * 
‘eS 4 
Hass. Sie ‘ 
3 Ay eee { ® 
her aye to £ } 
eae A * 
Stee * } | 
Coen. 4 RELATIVE | 
Rath ai aes TRANS- 
ne ep MT TANCE 
Car ‘a \ : 
Bo ache ati « 
p Adega st Oa = ; 
$e eee to : 
| ea i 4 
ceateres, raga : 
ee. | f 
ee ie \ 
ah 
ea ) 300 ‘e00 =) we wo 1300 
Sy eae i 
ot Se pee WAELENGTH mw i 
lan Peas: 4 
Tak meee, 
ae a 
Sea 7 
‘guage? 
Pcie — 
Bee . 
Mana ‘ 
cane? 2 
f <n tae - 
eet =~» . 
be int 
i a ~” \ \ { 
Syaee 5 ‘ s H 
te 2» / ‘ H 
Bis boa i/ \ j 
a 2 tj 1 
oa ie | 
BESS 3 Hy toa] 
Sie © if ae | 
tip aaa j 1! 
ie a } | tif 
es SS s i\ vii 
~e they ‘i; 
OD ELSE i Vi 
iste . y ' v 
a oy Sea om i 
Vane : wT it ij ‘ j 
ee li ale | : 
illcs 0 . i! \ i eF 
Re ie: Wf i i 
Dees, i s i i H r 
ee. : if i 
i. a i \ i 
os 2 i we 3 
ce NS ae ' } ! 
Nap ye a i 1 7] 
he, J + oily j 
ne a ig 
i one ee 4 ys Las 
ae er a 
2. PRs : 
Raima Bs: * ; 
Be eta ot 
i ae ' 
palltame 
Pee ie 
fe aera 
iss eae cae ¥ 
as ee, 
WA ce see ; 
A any st a 4 
ine. 
i 5 a : 
PMNs) eh 
ag Bear ose a 
os ey oO rt 
eel 4 ph : s 
pe t 
Sr eH % 
meee yy e 4 
Ne a : 
aie oe ‘TRANSMIT TANCE : 
oe ay ae RATIO 
oe ye A aa 73 s d 
eee Mee 
ae, oman « 
te ae 
or. (oie 
[a ee 
he a 
Sg 7 
a eae ‘3 
bie + a 
Xe ps Be 
ea. ee i 
hee Aes eae é 
oem , 
tots aed : 
aie 
to ae 
i a 
ee 
Swat ease 
hs We) 
oe ae 
seas ot iia iz } 
if Soa eaaen 
aie ee” 
gp ts i 
2 se ea 
Briain ot i 
ote ae a ee: ge <i eee ae, Ce eR ERO Gece nage tes oe es ie cick aa eyo | eee ge y 
Sipe co Rae ae esti fhce kre es hl «AUC ae es . Bite Oi ere eee ale ee Beane | Ss, eg Males ae eS SS Ra Boke ee 
eg. Cm Seneeeey” Ry eee CR om ae, Oc. Be cee OSS c= eee pa Tea ee pit ina § Tak © Seas ie Ra am me Cs | IS ged IR et AEN I 2 on. tare | 


contain less chlorophyll. However, the extreme difference 
in the transmittance curves is surprising, because the chloro- 
phyll content is known to be quite low in an apple. We 
have not explored the possibility, but it appears that the 
transmittance measurement could be useful to indicate 
maturity of apples. 

The transmittance curves for two samples of ground beef 
are shown in Fig. 4. A 5-gram sample of each was used in 
a 1%-in. diameter cell. This provides a sample thickness of 
approximately %¢in. The curves were recorded with the 
K1292 operated at 650 v and the 5819 at 600 v with a slit 
width of 0.5 mm. A Corning No. 9780 filter was placed in 
front of the 5819 to give the desired spectral response. This 
response, as shown by curve (C), shows energy in the 400 
to 600 my region, but the energy at longer wavelengths is 
too low to be recorded on this scale. This type of system 
response was necessary because the meat shows such a strong 
absorption of the short wavelengths. Sample A was a 
higher quality material referred to as lean ground beef while 
sample B was labeled merely as ground beef. 

From visual appearance it was evident that sample B 
had a much higher fat content than A although sample A 
appeared to have a fair amount of fat. The transmittance 
curves for both samples show strong absorption bands at 
640 my, 575 my, 540 my, and at wavelengths below 460 
my. The 575 and the 540 my bands correspond to the ab- 
sorption bands of blood. The absorption below 450 my may 
be that of the 415 my band of blood. The curve for sample 
B shows a definite absorption band at 760 my, correspond- 
ing to a water absorption band. The curve for sample A has 
only a slight hint of an absorption band at this wavelength. 

The curves in Fig. 4 show some of the difficulties of inter- 
pretation of the recorded results. It appears that sample B 
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Fig. 7 Spectrophotometer performance with the automatic correction 

for system response. Curve A is the system response before the 

correction is applied. Curve B is the recorded response with auto- 

matic correction. Curve C is the transmittance curve as recorded 
for a didymium glass filter 
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has a stronger absorption than A at 540 my. This may or may 
not be true, because they were not recorded at the same sen- 
sitivity. It has been found that the best test of the strength 
of an absorption band is a computation of the ratio of trans- 
mittance at the wavelength of peak absorption to that of a 
nearby wavelength of minimum absorption. Unfortunately 
this test is not applicable for the 540 my absorption because 
the transmittance at this wavelength is so low that the 
value is not significant. However, if the test is applied to the 
640 my absorption it is apparent that sample A has a 
stronger absorption than B at this wavelength. This test 
also shows that sample A has less absorption than B at 760 mu. 

The other difficulty in interpretation is that of identify- 
ing true absorption bands as distinguished from system 
response characteristics. The apparent absorption at 710 my 
on both carve A and B is actually a system characteristic. 
To test this, one must record the system response in the 700 
to 750 mp region at a sensitivity high enough to give accu- 
rate results. The system response in this region can be ob- 
served from curve (A) in Fig. 7. The drop in response at 
710 my is apparent. 

The curves obtained on these two meat samples indicate 
that it may be possible to measure fat content of meat by a 
transmittance measurement. For this purpose the absorption 
band at 760 my should be most useful since it would not 
be influenced by the pigment content or the color of the 
meat. Transmittance measurement should also be a very 
sensitive indicator of the color of meat, using any one or a 
combination of the 640, 575, or 540 my absorption bands. 
A study to explore these possibilities is being initiated. 

Fig.5 shows the true transmittance curves for four 
peaches varying in maturity from green to fully ripe. These 
curves were obtained by transcribing the recorded curves 
and applying the correction necessary to correct for the 
system response. The great difference in level of trans- 
mittance at different wavelengths requires the use of a 
logarithmic scale to show the changes which take place as 
a peach matures. As shown by these curves this change is 
evidenced in two forms. It can be seen that the wavelength 
of the short wavelength transmittance peak shifts from 
570 mp to 650 my as a peach matures from green to fully 
ripe. It is also apparent that the transmittance in the chloro- 
phyll region at 675 my increases greatly as a peach matures. 

The transmittance measurement was tested during the 
past season as a means of indicating maturity on peaches. 
Peaches from one tree were picked on successive days be- 
ginning August 5 and continuing until September 1. Trans- 
mittance measurements were made on these peaches and the 
ratio of the transmittance at 700 my to that at 740 mp was 
computed. Fig. 6 shows how the logarithm of this ratio 
changes with picking date. Each point on this curve repre- 
sents the average of six peaches to eliminate the variability 
between peaches picked from different parts of the tree. 
The normal picking date for these peaches was August 25- 
30, corresponding to the 20-25 day period on this graph. 
From these results it is quite apparent that the transmittance 
measurement can be used to indicate the maturity of peaches 
as well as to predict well in advance when the peaches 
should be picked to obtain a given stage of maturity. The 
transmittance measurement made on these peaches gives 
essentially a measurement of the chlorophyll content — it 
has previously been shown that the chlorophyll content is a 
good index of maturity of peaches(6). 

(Continued on page 651) 
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Rainfall Simu 
for Runoff Plots 


L. Donald Meyer 


Assoc. Member ASAE 


Donald L. McCune 


University ‘ produces artificial storms of approxi- 

mately the kinetic energy of high intensity natural 
rainfall. The simulator is used to compare the soil loss, 
water loss, and infiltration rates of treatments on standard- 
size rectangular runoff plots. 

Simulated storms may be applied to treatments being 
studied under any condition at any time and as often as 
desired throughout the year, except on tall crops and during 
freezing weather. 

Factors well suited to tests with the simulator include: 
soil erodibility, length of slope, percent of slope, past ero- 
sion, crop cover at various stages of growth, rotations, fer- 
tility level, tillage practices, and residue management. 

Soil and water loss evaluations by natural rainfall usually 
take 10 to 25 years—yet it is often vital to have such 
information much sooner. The rainfall simulator frequently 
makes more rapid evaluations possible. 


: PORTABLE rainfall simulator developed at Purdue 


Using Simulator Data 
Results from simulator data are intended to be pri- 
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Fig. 1 Physical characteristics of natural raindrops are 


compared with simulated raindrops 
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lator 


Engineers develop portable machine to provide 
simulated high intensity rain storms for test 
plots as an aid in erosion and runoff studies 


marily qualitative. Before quantitative erosion rates can be 
accurately predicted, the limited range of storms pro- 
duced by the rainfall simulator must be related to natural 
rain storms. If relationships can be established, natural 
rainfall data can be used to expand the results obtained with 
the simulator. 

Experiments well suited to the rainfall simulator were 
made during the summer of 1957. Subsoiling, vertical 
mulching (13),* and no treatment were studied on plots 
under corn culture, pasture establishment, and in permanent 
sod. By measuring the amount and rate of the simulated 
rain applied and the soil and water lost from these plots, 
the effects of these treatments on storage capacity, soil loss, 
water loss, and infiltration were determined. These studies 
give an indication of the role of subsoiling and vertical 
mulching as compared to no treatment in conservation 
farming. 

Rainfall simulators are not new. Numerous types and 
sizes have been developed for various studies since 1930. 
Notable among studies during the 1930's were simulators 
used by Lowdermilk(10), Duley and Hays(3), Nichols 
and Sexton(12), Hendrickson(7), Diseker and Yoder(2), 
Woodruff, Smith, and Whitt(19), Neal(11) and Borst and 
Woodburn(1). Little information on the quantitative 
values of the characteristics of natural rainfall was available 
at the time of these first studies. The importance of the 
impact of raindrops was not generally recognized. 

In the early 1940's, Laws(8) made a study of raindrop 
fall velocity as influenced by drop size and distance of fall. 
This was followed with a study by Laws and Parsons(9) re- 
lating raindrop size distribution to rainfall intensity. With 
these studies as a basis, V. D. Young(15) developed the 
Type F nozzle which produced a drop size distribution sim- 
ilar to that of high intensity rainfall. Drops from this 
nozzle are sprayed upward and fall from an average height 
of only 8 ft. This results in a velocity of fall considerably 
less than the terminal velocity of most of the drops.  EIli- 
son(5) made numerous studies which stressed the import- 
ance of the action of raindrops in causing erosion. Ellison 
and Pomerene(6) developed a rainfall simulator with drops 
of the same size falling from numerous short lengths of 
yarn. Ekern(4) made detailed studies of raindrop impact 
using a simulator which had glass tubes with the tip size 
controlled. 

The Type F nozzle, yarn, and hollow tips of controlled 
size have been used in numerous more recent simulator 
studies. All have two distinct disadvantages: (a) they re- 
quire wind shields for even low wind velocities and (4) 


*Numbers in parentheses refer to the appended references. 
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they require great height of fall to approach terminal drop 
velocity closely. The yarn and hollow tips also produce only 
one or a few drop sizes and are suitable for use on very 
small areas only. 


Characteristics Desired 


To overcome some of the shortcomings of past rainfall 
simulators, these desired characteristics were formulated: 


1 Drop size distribution of natural rainfall. 
2 Drop fall velocity of natural rainfall. 


3 Intensities in range of storms producing medium to 
high rates of runoff and erosion. 


Satisfactory intensity and random drop size distribu- 
tion over the area covered. 


— 


5 Minimum wind distortion. 
6 Portability and ease of handling. 
Use on standard size runoff plots. 


8 Ability to reproduce a given storm. 


The physical characteristics of natural rainfall which 
were desired in the simulated raindrops are shown in Fig. 1. 
The drop size distribution is as given for a rainfall intensity 
of 24% iph by Laws and Parsons(9). The drop velocities are 
terminal velocities as found by Laws(8). Also shown in 
Fig. 1 are the approximate drop size distribution and fall 
velocities of the Type F nozzle as commonly used. 

The kinetic energy of the water drops was selected for 
comparing the raindrop effect of simulated rainfall to 
natural rainfall. Wischmeier and Smith(17) indicated that 
the kinetic energy of the drops was the most suitable char- 
acteristic. In the kinetic energy relationship, KE='2 MV?, 
the velocity of drop fall is very important because it is 
squared. Laws(8) has shown that fall velocity is related to 
drop size and height of fall. 

Wischmeier and Smith(17) found that the kinetic 
energy of rainfall was a function of intensity as: KE=916 
+331 log I, where KE is the kinetic energy in foot-tons per 
acre-inch and / is the rainfall intensity in inches per hour 
(iph). The kinetic energy of a 24% iph rainfall is 1050 foot- 
tons per acre-inch and that of 5 iph is 1150 foot-tons per 
acre-inch. Approximate kinetic energy of a Type F nozzle as 
commonly used is 650 foot-tons per acre-inch. 


Selecting the Nozzle 


In an attempt to attain the desired characteristics, various 
household and garden nozzles, perforated irrigation pipe, 
variations of existiag runoff study nozzles, sprinkler irriga- 
tion equipment, and commercial spray nozzles were investi- 
gated. The latter were found to best satisfy the desired 
features. 


Study of all available commercial spray nozzles showed 
that only flat (fan type) pattern spray nozzles and square 
pattern nozzles gave reasonable intensity, drop size, drop 
velocity, and distribution characteristics. Tests showed that 
the square pattern nozzles had a much greater capacity than 
the flat pattern nozzles for similar kinetic energy. The flat 
pattern (Veejet) nozzles, therefore, were selected for use. 
These nozzles have a high flow rate. They produce a long, 
narrow spray pattern that decreases in intensity with distance 
from the center. 

In order to use Veejet nozzles for the simulator, it was 
necessary to (a) move the nozzles during operation in the 
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direction perpendicular to the long dimension of the spray 
pattern to cover greater area, (b) overlap adjacent nozzle 
patterns to improve intensity distribution, and (c) have the 
nozzles spraying only intermittently to hold the intensity to a 
reasonable rate. From extensive tests, the 80100 Veejet was 
found to have the best combination of drop size, drop 
velocity, and intensity. 

The final design selected for the nozzles and their opera- 
tion was: 

1 Nozzle—Spraying Systems Company 80100 Veejet. 

2 Height—8 ft above the soil surface. This height gives 
maximum spray width at an elevation which can be 
conveniently reached. 


Ww 


Spray direction — Downward, perpendicular to the 
soil surface. This results in minimized wind distor- 
tion and an initial drop velocity at the nozzle. Wind 
interference is not excessive in velocities up to 
10 mph. 


C— 


Nozzle pressure —6 psi (4 gpm per nozzle). This 

pressure imparts a nozzle velocity of approximately 

22 fps to the drops. The fall of 8 ft from the nozzle 

to the soil surface results in a drop velocity at impact 

very near to the terminal velocity of most drops. 

5 Distance between nozzles —5 ft parallel by 6 ft per- 
pendicular to the long dimension of the spray pat- 
tern. The 5-ft distance provides the necessary overlap 
to give the best intensity distribution at the height 
and pressure used. The long dimension of the spray 
from one nozzle at the soil surface is 8 ft. Intensity 
variation within the 5-ft distance is less than 20 
percent. 

6 Distance nozzles are spraying during movement—6 ft. 

Therefore, one nozzle stops spraying at the same 

point that the preceding one began. 

Type of movement—Reciprocating, with nozzles mov- 

ing back and forth across slope. 

8 Intensities—2%2 iph (each nozzle spraying 20 percent 

of time) and 5 iph (each nozzle spraying 40 percent 

of time). These intensities are in the range of storms 
producing serious erosion. For the lower intensity, 
alternate rows of three nozzles each (see top of 

Fig. 2) spray during alternate trips across the plot in 

one direction. For the higher intensity, all nozzles 

spray each time across in one direction. No nozzles 
spray during the return trip or when reversing direc- 
tions at the extremities of movement. 


Using this design, the drop size distribution and the 
drop velocities shown in Fig. 1 were obtained. The kinetic 
energy produced by this design is approximately 800 foot- 
tons per acre-inch, or greater than 75 percent of the kinetic 
energy of natural rainfall at an intensity of 24% iph. This is 
considered sufficient for most comparative studies. 


Simulator Design 


After selection of a suitable nozzle arrangement, the 
next step in the development was the design of the rainfall 
simulator framework. The basic framework of one sim- 
ulator unit is illustrated in Fig. 2. Units can be joined at 
the sides and ends to vary the number and length of plots 
covered for a test run. 
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Rainfall Simulator 


Each unit covers an effective area of 18 ft across slope 
(three nozzles spraying 6 ft each) by 15 ft down slope (the 
distance between the outer of the four rows of nozzles) 
when used individually. However, each additional upslope 
unit covers 20 ft instead of 15 ft, because outer adjacent 
nozzle rows of successive units cover the 5 ft between them. 
Thus, one unit can cover a plot that is 15 ft long by 12 ft 
wide with a 3-ft border on both sides; two units can cover 
a plot of 35 ft by 12 ft, etc. 

Each unit consists of two 22-ft aluminum I-beams (A 
in Figs. 2 and 3) which are held 10 ft apart by lengths of 
aluminum angle (B) and supported 74 ft above the soil 
surface by aluminum pipe legs (C) of adjustable length. 
The wheels (D) of an aluminum carriage (E) to which 
the nozzles (F) are attached run in a channel fastened to 
the top of these I-beams. The carriage moves back and 
forth at a constant velocity by a method similar to that used 
on the Georgia Field Plot Irrigator (14). 

The main units are located over the plot upslope from 
the drive engine and have the drive mechanism (G) that 
controls the movement of the carriages. One main unit is 
shown in Fig. 3. Side units do not have the drive mechan- 
ism because their carriages are connected to those of the 
main unit and are moved by them. One gasoline engine (H) 
powers all carriages by interconnected main drive shafts (J) 
on all main units. 

The drive mechanism includes a 15-ft roller chain (K) 
located on the inside of both I-beams of a main unit. The 
carriage is moved by a drive rod (L) through the drive 
slots of the main unit carriage and attached to both chains. 
The chains travel continuously. The direction change of 
the carriage is accomplished by the drive rod sliding either 
up or down in the drive slot as the chain moves around the 
sprocket wheels. Successive units upslope are timed so that 
only one main unit carriage is changing direction at any 
one time. 

The water to the nozzles is turned on and off by %-in. 
solenoid valves. Each valve feeds six nozzles. Since each 
unit consists of four rows of three nozzles each, two solenoid 
valves (M in Fig. 3), each controlling two alternate rows, 
are required per unit. The nozzles begin their application 
immediately after the carriage has reversed direction of 
movement and end after spraying for 6 ft and just before 
the carriage again reverses direction for the return trip. The 
solenoid valves for the nozzles are activated by DPST relays 
(N). The relays are activated by switches located along a 
chain (P) which is timed with the drive mechanism. Bleed 
solenoid valves (R), operated by SPDT relays, are also 
included to open when all feed valves are closed. Thus a 
constant rate of flow is maintained. To change from one in- 
tensity to the other during a run, it is only necessary to throw 
a knife switch on the relay board and adjust the water flow. 
Electricity for the solenoids, relays, and switches is sup- 
plied by a 12-v automobile battery. 

Water for the rainfall simulator is supplied by an irriga- 
tion pump to the upper part of the series of plots being 
tested. The water must be supplied at 40 psi at the flow rate 
required. It is then conveyed through 3-in. irrigation pipes 
(one line per plot) to the solenoid valves. The irrigation 
pipe is fitted with an extra riser outlet 10 in. from the exist- 
ing outlet so that the two feed solenoid valves required per 
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unit may be located side by side. Since each solenoid valve 
supplies alternate rows of nozzles, only one of the two 
valves operates each time across at the 24-iph intensity and 
both operate at the 5-iph intensity. Two successive units 
downhill are timed so that the carriage of one is traveling 
one direction while the second is traveling in the other. 
Since the nozzles spray in one direction only, the two units 
have the same water demand as one has when operated alone. 
Each pair of units consists of six solenoid valves: four feed 
valves and two bleed valves. The bleed valves are calibrated 
to give the same flow rate as the feed valves. One bleed 
valve is used for the low intensity and both are used when 
operating at the high intensity. A pair of units require 
25 gpm of water at the low intensity and 50 gpm at the 
high intensity. 

Beneath each I-beam are two lengths of 1-in. plastic pipe 
(see Fig. 3), each with three outlets at 6-ft intervals. From 
one feed valve, water is conveyed by two 1-in. plastic pipes 
to two of these outlet pipes, one beneath each I-beam of a 
unit. The other feed valve of the unit supplies the other 
two outlet pipes. Since the nozzles fed by the outlets be- 
neath the upslope I-beam are at a higher elevation due to 
land slope than those supplied by the same valve but fed by 
the outlets beneath the down slope I-beam, the pipe from 
the valve to the upper outlet pipe is 5 ft shorter than that to 
the lower outlet pipe. This gives equal nozzle pressure on 
an average expected land slope of 6 percent. 

Water is conveyed to each nozzle by a 54%4-ft piece of 

¥,-in. flexible rubber hose which is attached to the proper 
outlet by a snap coupling. Immediately prior to each nozzle 
is a 4-in. check valve that prevents drip from the lower row 
of nozzles after the solenoid feed valve closes. Alternate 
rows of nozzles are attached to supply pipes fed by the 
same solenoid valve. 

The opening slit of each nozzle is set at a horizontal 
angle of 13 deg with the carriage bar to which it is attached. 
This angle is required to prevent the sprays of adjacent rows 
of nozzles from striking each other and distorting the in- 
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Fig. 2 The basic framework of one unit of the rainfall simulator 


A. I-beam D. Carriage wheel 
B. Angle E. Carriage frame 
C. Adjustable leg F. Veejet nozzle 
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tensity and energy patterns when operating at the higher 
intensity. 

Each line of 3-in. irrigation supply pipe has an adjust- 
able valve between each pair of downslope units. On more 
shallow slopes, the friction loss in the pipes as the water 
travels downhill from the upper part of the plot tends to 
equalize the supply pressure of the upper and lower units. 
On steep slopes, however, this valve is partially closed to 
maintain uniform pressure on all pairs of units. A slight 
variation in supply pressure is not serious since pressure 
losses between the entrance of the solenoid valve and the 
nozzles reduce the pressure from 40 psi to 6 psi. A small 
variation in 40 psi affects the 6 psi pressure very little. 

The rainfall simulator is designed for use on adjacent 
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. Aluminum I-beam 
Aluminum angle 
Aluminum leg 
. Carriage wheel 
Carriage frame 
Veejet nozzle and check valve 
. Drive mechanism 
. Gasoline engine 


plots with center-to-center distances of 18 ft. The test area 
itself may be any width up to 14 ft, with the remaining dis- 
tance being border area. Each row of units is located over 
the center of a test plot, with the upper and lower ends of 
the plot placed beneath the center of a row of nozzles. Plot 
lengths, therefore, are normally in multiples of 5 ft. The 
simulated rain falling outside the test area on the sides and 
ends of the plots minimizes possible border effects. The 
number of plots upon which test runs may be made simul- 
taneously and the length of each plot are limited only by the 
water supply and the number of units available. 

Since plans called for numerous and often long-distance 
moves of the entire simulator, it is designed to facilitate 
transportation, assembly, and handling. Wherever possible, 
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Fig. 3 One unit of the rainfall simulator 


Main drive shaft 
. Drive chain 
Drive rod 
. Feed solenoid valve 
. Relay board 
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Fig.4 Twelve units of the rainfall simulator operating on three 
runoff plots simultaneously. Each plot is 75 ft long by 12 ft wide 
plus borders. Runoff is measured by standard equipment 


aluminum is used to keep weight to a minimum and prevent 
corrosion by weathering. Fast, simple methods speed up 
separating and assembling component parts. Individual 
pieces collapse into long, narrow, easily loaded shapes. 

To date, 12 rainfall simulator units have been con- 
structed. These include four main units and eight side units. 
These 12 units can cover three plots 75 ft long with borders 
(See Fig. 4). These twelve units with all necessary acces- 
sories and 1000 ft of 4-in. irrigation supply pipe can be 
conveniently transported on a 22-ft flat-bed trailer with a 
load height of 5 ft (See Fig. 5). 


Measurements 

The average intensity and amount of simulated rainfall 
are determined by water collected from 1-in. aluminum 
channels placed diagonally across the test plots. Runoff 
from each plot is collected by a trough extending across the 
bottom of the plot. A flume with stage recorder measures 
the runoff. An N-1 sampling wheel samples the flow from 
each flume for soil content determinations. Flow samples 
are taken periodically to determine the variation in soil loss 
during runoff. Measurements of physical characteristics of 
the plot site are also made. 

Runoff study plots have been operated for many years 
throughout much of the United States. Data from these 
studies are being summarized(16, 18) and are yielding 
much information for use by soil and water management 
technicians. However, these summaries show that little or 
no data are available for some widely used current treatments 
and practices. Similar information is needed for new farm- 
ing techniques that are continuously being developed. 

Qualitative analysis of the soil and water loss charac- 
teristics of various slope-practice factors and the rating of 
various treatments in relative order will be of much use to 
land management technicians, even though quantitative 
values may not be directly obtained. Simulator results will 
be used to supplement the results from plots utilizing 
natural rainfall. Studies with natural rainfall may permit the 
assignment of quantitative values to some simulator results. 
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Fig.5 The rainfall simulator ready for transportation to another 
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Materials-Handling Flow Diagram 


CLEVER materials-handling flow diagram for farms, 
based on the approach used by industry for mass produc- 
tion, appeared in the September issue of Successful Farming. 
The multi-color flow chart, prepared by S. S. De Forest, 
engineering editor, with technical assistance from M. W. 
Forth, agricultural engineer, Deere & Co., shows at a glance 
the flow of materials from field to storage, through processing, 
and finally, feeding or market. Provision is made also for 
following purchased materials or those returned to the field. 
Also announced is the third edition of a series on materials 
handling, entitled Materials Handling — Ideas for Profitable 
Farming. The first editions were entitled Materials Handling 
— Newest Farm Science and Materials Handling — Make It a 
System, respectively. Copies of the latest, which includes the 
materials-handling flow diagram mentioned above, are avail- 
able from Meredith Publishing Co., Des Moines, Ia., 35 cents 
per copy. 
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Flow Measurements 


for Sprinkler Irrigation Systems 


A. W. Fry and J. R. Davis 


Assoc. Member ASAE 


measure of quantities or rates of flow of the water in- 

volved. However, due to the expense involved, many 
farmers object to purchasing a commercial flow meter; and 
many research agencies cannot afford the purchase of a 
number of commercial meters or the fabrication of precise 
Venturi or orifice meters. 

This study was initiated in an attempt to evaluate several 
methods of fabricating accurate yet inexpensive rate-of-flow 
measuring devices for sprinkler irrigation pipe. It is not the 
intent of this paper to discourage the use of commercial flow 
meters, because of their obvious technical advantages; but to 
provide engineers with information that may encourage the 
measurement of flow heretofore unobtainable. 


"T= first requisite of efficient water use is a precise 


Objectives of Metering Equipment 

Several requirements were stipulated for the evaluation 
of the methods used in this study: 

1 A reasonable degree of accuracy. 

2 A low head loss through the meter. 

3 Relatively inexpensive to fabricate. 


An “Instrument News” contribution. INSTRUMENT NEWS 
(Karl Norris, Editor) is sponsored by the ASAE Committee on 
Instrumentation and Controls. Articles on agricultural applications 
of instruments and controls and related problems are invited and 
should be submitted direct to K. H. Norris, 105A South Wing, 
Administration Bldg., Piant Industry Station, Beltsville, Md. 

The authors — A. W. Fry and J. R. Davis — are, respectively, 
junior engineer and acting associate irrigation engineer, irrigation 
department, University of California, Davis 


Fig. 1 (Above) End view of rate of flow measuring devices 
installed in aluminum tubing 


Fig. 2 (Right) Square-edged eccentric 
orifice plate installed in steel press-on 
coupler 
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Member ASAE 


4 Easily fabricated with ordinary shop facilities. 

5 Reproducible without having to calibrate each one. 
6 Sturdy construction to withstand field abuse. 

7 Adapted to either main lines or portable lateral lines. 


Because of these requirements, the methods studied were 
limited to those utilizing a pressure differential or a measure- 
ment of velocity head. 


Procedure 

The devices involved in this study were adapted to 4-in. 
diameter aluminum tubing (3.90in. LD.) and are as 
follows: 


1 Concentric circular orifice, 2.45 in. in diameter, made 
from *¢6-in. aluminum plate. 


N 


Square-edged eccentric orifice made from *¢-in. alu- 

minum plate, entirely suppressed, such that the effec- 

tive area of the orifice was 50 percent of the cross- 
sectional area of the pipe. 

3 Square-edged eccentric orifice similar to No. 2, with 
the effective area at the orifice equal to 70 percent of 
the cross-sectional area of the pipe. 

4 Impact tube with two \e-in. holes drilled 0.5 D apart 
and equidistant from the center of the pipe, made 
from \4-in. copper tubing, placed perpendicular to 
the center line of the pipe. 

5 Impact tube with one \e-in. hole at the center line of 
the pipe, otherwise similar to No. 4. 

6 A modified Venturi meter, made by manually crush- 

ing the tubing between two steel channels which were 

subsequently bolted together. 


7 Square-edged eccentric orifice similar to No. 2, with 
an effective area at the orifice of 76 percent of the 
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DISCHARGE IN cfs. 


5.0 7.0 10 20 30 
HEAD IN FEET OF WATER 


Fig. 3 Orifice calibration results 


. . . Flow Measurements 


cross-sectional area of the coupler installed in a steel 
press-on coupler (3.88 in. L.D.), with 20 ft of 
straight approach. 


8 Same as No. 7 with 4 ft of straight approach. 


The concentric orifice was installed by cutting a 20-ft 
length of pipe into two pieces, fitting the orifice plate to one 
end of one piece and welding the two pieces together. The 
square-edged orifices were installed by cutting a slot in the 
pipe or coupler perpendicular to the center line, placing an 
aluminum plate in the slot and welding a bead between the 
pipe or coupler and both sides of the plate. The impact 
tubes were inserted into the pipe through two diametrically 
opposite holes in the pipe, positioned and welded to the 
pipe. The modified Venturi was made by crushing the pipe 
between two 4-in. steel channels to form a symmetrical con- 
striction. The channels were bolted together to prevent ex- 
pansion of the pipe at high pressures. A summary of the 
material used and the labor involved is shown in Table 1. 


TABLE 1. MATERIAL AND LABOR FOR WATER 
MEASURING DEVICES 


Method Material used Labor, hours 
1 34¢-in. aluminum plate 2-2%4 
Y%4-in. copper tubing 
2 ‘ 1-1% 
3 42 1-1%4 
4 Y4-in. copper tubing 1-14 
5 A 1-144 
6 Channels-nuts-bolts Y-1 
Y4-in. copper tubing 
7 and 8 Steel press on coupler 1-1% 


%4¢-in. aluminum plate 
\4-in. copper tubing 


The orifice pressure taps were installed 0.5 D down- 
stream and 1.0 D upstream from the plate in the pipe, and 
0.5 D both ways in the coupler; and on the same side of the 
pipe as the orifice plate in line with the deepest section of 
the orifice plate. With the impact tubes the pressure tap was 
installed 1.0 D upstream; and with the Venturi, taps were 
placed in the center of the constricted area and 4.0 D up- 
stream. All taps were placed flush with the inside surface 
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of the pipe, and all burrs removed to avoid unnecessary 
errors in pressure measurement. 


The desired ranges of flow and pressures for the tests 
were obtained by means of a variable speed pump and a 
control valve downstream from the test section. All flows 
were measured with a calibrated volumetric tank. Tests were 
conducted at 40, 70 and 100 psi for flow rates in the range 
of 0.5 to 1.0 cfs. 


A differential U-tube manometer was used to measure 
the differential heads in the test sections. Because the heads 
differed considerably, mercury was used as a manometer 
fluid for devices 1 and 2, an air-water inverted U-tube mano- 
meter for devices 3, 4, 7 and 8, and a manometer fluid 
(Sp. Gr.=1.75) for devices 5 and 6. All measurements 
were then converted to head in feet of water. 


Results 

A regression analysis was applied to the data collected 
during the calibration tests to determine the best statistical 
fit of an equation and the standard error of estimate for the 
line of regression. Because the exponent of 4, the differen- 
tial head, in all regression equations so closely approximated 
0.5, the regression equations were modified for simplicity 
and practicability and are shown in Table 2 as modified 


TABLE 2. ANALYSIS OF FLOW MEASUREMENT METHODS 


Modified Standard 
regression error Head 
Method equation* of est., cfs loss, feet 
1 Concentric orifice O=0.173h°-5 0.010 0.6147 
2 Square-edged orifice 
50 percent of area Q=0.228h°-5 0.005 - 
3 Square-edged orifice 
70 percent of area Q=0.370h°-* 0.004 0.30At 
4 Two-hole impact tube Q=0.634/%-5 0.008 Negligible? 
7 Coupler with 76 per- 
cent A 20-ftapproach Q=0.386/°-5 0.010 0.27ht 
8 Coupler with 76 per- 
cent A 4-ft approach Q=0.386/°-> 0.005 0.27h¢ 


*Q is expressed in cfs and h in feet of water. 
*Taken from published data not verified in tests. 


tCalculated by subtracting pipe friction loss (see ref. 2) from meas- 
ured total loss in a 19-ft section of pipe. 


regression equations, in which the exponent of 4 is 0.5. The 
standard error of estimate still pertains to the line of regres- 
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sion and reflects the accuracy of measurements of any one 
method. 


Considerable difficulty amd error were encountered in 
the measurements of head with the one-hole impact tube and 
the modified Venturi, due principally to air entrapment in 
the aluminum pipe. These results were thus deemed invalid 
and are not reported. Since the one-hole impact tube is 
inherently less accurate than a two-hole impact tube and 
since the modified Venturi would be very difficult to repro- 
duce, these methods are not considered practical and are not 
recommended. 

The results of the analyses are shown graphically in 
Fig. 3. 


Conclusions 

On the basis of accuracy, ease of construction and adapt- 
ability to field conditions, a square-edged orifice appears to 
be quite practical for measurement of flow in sprinkler sys- 
tems. It is simpler to construct and install in the pipe than 
a concentric orifice and allows the use of an air-water ma- 
nometer, a distinct advantage for field use. This method of 
measurement is accurate over the desired range of flow and 
could easily be fabricated on a mass production basis. 

Although the two-hole impact tube was fairly accurate, 
difficulty could be expected with use in the field due to 
clogging of the holes with debris, corrosion and salt encrus- 
tations. The modified Venturi would be particularly difficult 
to reproduce with any degree of accuracy. 

None of the measurements were affected by the pressure 
in the pipeline. 


Summary 
Several methods of measuring the rate of flow in alumi- 
num sprinkler pipe were evaluated in an attempt to reduce 
the high cost required by the use of commercial meters and 
encourage the measurement of water applied through sprin- 
kler lines. Of eight methods tested, a square-edged eccen- 
tric orifice appears to be the most accurate and easily fabri- 
cated. The orifice and pressure tap can be installed in a 
length of aluminum tubing or a press-on coupler in 1-1 hr 
with little additional cost and with common shop tools. It 
is sturdy and can be used with an air-water manometer, mak- 
ing it satisfactory for field use by relatively unskilled per- 
sons. The possibility of a prefabricated orifice in a press-on 
line coupler appears particularly promising. 
References 
am: King, Handbook of hydraulics, McGraw-Hill, New York, 
2 Willardson, L. S. Energy losses in aluminum irrigation pipes 


due to deflections in couplers, 1955. Unpublished MS. thesis. Copy 
on file in library, Utah State Univ., Logan. 


. . . Light Transmittance 
(Continued from page 643) 


The performance of the instrumentation with the auto- 
matic compensation for system response is shown in Fig. 7. 
The system response as shown in curve (A) was recorded in 
conducting ink on the X-Y recorder. After correction, the 
flat response, curve (B), was recorded on the strip-chart 
recorder with no sample in the beam. Curve (B) as shown 
here is a tracing of the recorded curve. Considerable noise 
signal is apparent on this curve, but the maximum noise 
peak is only 2 percent of the full scale. This can be reduced 
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considerably by filtering and operating at a reduced scanning 
speed. The transmittance recorded for a didymium glass 
filter is shown in curve (C) to demonstrate the capabilities 
of the instrumentation. These curves were recorded with a 
scanning speed of 150 my per min with a slit width of 
0.5 mm. 

The stability of the system operating with a flat response 
characteristic has been found to be such that the same cor- 
rection curve can be used after an interval as long as two 
weeks. It has not been tested over a longer period on the 
same curve. To obtain this stability the lamp output must 
be stabilized as well as the voltages to the phototubes. This 
is accomplished by operating the whole instrument from 
an electronic line-voltage regulator which holds the line 
voltage constant to better than +0.1 percent. 


Possible Applications 

Only a few of the possible applications of this type of 
instrumentation have been described here. Some additional 
applications include the measurement of the internal color 
of tomatoes as described by Birth, Norris, and Yeatman(2), 
the detection of hollow heart in potatoes as described by 
Birth and Norris(1), and the measurement of the color of 
the yolk of an intact egg as described by Brant and Norris 
(3). The detection of biood in an intact egg by light trans- 
mittance has been developed to the stage of automatic sort- 
ing of white eggs at the rate of 120 eggs per minute. This 
development shows the real possibility of the light trans- 
mittance technique, because the same type of measurement 
is required for indicating the other quality factors. 

This type of instrumentation also has a wide application 
to research in plant physiology because it makes possible the 
study of reactions taking place in living tissues. For such 
applications it is desirable to extend the short wavelength 
response into the ultraviolet region. The use of different 
phototubes and an energy source having a higher output in 
the ultraviolet region makes this possible. 


Summary 

Instrumentation has been developed for measuring the 
light transmittance characteristics of intact agricultural com- 
modities. This instrumentation makes it possible to record 
the spectral transmittance of intact apples, peaches, eggs, 
tomatoes and most other fruits and vegetables. The trans- 
mittance measurement is shown to be useful in indicating 
maturity, internal color, and detection of internal defects. 
It is also shown that it is possible to make such measure- 
ments at a speed sufficient to permit automatic sorting. 
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. . . Energy Requirements 
(Continued from page 639) 


formly, a scale for dullness was made up. One pair (me- 
dium) had a flat 0.005 in. thick leading edge. The other 
pair (dull) had a 0.010 in. flat leading edge while a third 
pair was classified as sharp. 

Fig. 8 shows the energy required to cut second cutting 
35-day alfalfa using the three pairs of knives. As would be 


CwERGY- INCH POUNDS 


STALK OlAMETER — INCHES 


Fig. 8 Effect of knife dullness in alfalfa 


expected the energy required to cut the individual stalks 
increased both with stalk diameter and thickness of leading 
knife edge. 

The effect of knife dullness is further brought out in 
Fig. 9 which compares each pair of dull knives with the 
sharp knife data. It is observed that the effect of knife dull- 


SMERGY RATIO 


STALK OlAMETER ~ CHES 


Fig. 9 Comparison of energy requirements 
when using dull knives 


ness is more pronounced with the smaller diameter stems. 
It is possible that the character of the cutting action changes 
as the stalk diameter increases. The included angle of the 
knife results in a wedge-like action which causes fiber fail- 
ure in tension rather than in shear. 

The energy requirement of the dull knife compared with 
that of the medium dull knife shows little or no relation to 
stalk diameter. This value remains rather constant at 1.26. 
Therefore, it appears that once the knife became dull, fur- 
ther dulling would increase the energy requirement and 
would be independent of stalk diameter. 

This work is summarized in Progress Report 17, Storrs 
Agricultural Experiment Station, entitled ‘An Evaluation of 
the Energy Required to Cut Forage Grasses and Legumes.”’ 


a ees 


.. . How Efficient ? 
(Continued from page 629) 


ures and on performance are recorded, 
calculations made and correlated. The plan- 
ning and analyzing are necessarily a job for 
the engineering staff. In this process all 
these facts are translated into factors which 
may be coded or channeled into various cate- 
gories relating to machine performance. For 
example, the ratio between replacements of 
a certain part and the number of machines 
in operation becomes a factor for that part. 

Many industries are now using elec- 
tronic data-processing systems in various 
technical applications. Automobile manu- 
facturers use it for controlling materials in 
production, stocking spare parts, handling 
warranty claims and for various technical 
computations. So far in this industry the 
system has not been primarily oriented to 
engineering design. There is no limit to the 
assortment of the data that may be proc- 
essed nor the kinds of problems to which 
they may be applied. For example, and this 
may also apply more particularly to auto- 
mobiles, the matter of mechanical acces- 
sibility, from the standpoint of service, is a 
constant problem and one that is often an- 
noying and costly. Another area is that of 
safety where continuous analysis of after- 
the-fact data might provide some answers by 
way of engineering or by education and 
warning to drivers. 

In effect, the system can become a new 
engineering instrument with far-reaching 
possibilities. The electronic brain has un- 
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failing memory, complicated calculations 
become routine, and answers to questions 
are almost instantaneous. Thus, it can be 
made to feed out information almost with- 
out end to guide engineering. 

Farm machines operate under varied con- 
ditions and extremes ir heat, frost, dust, 
sand, rocks, crop stands and rough fields. 
But a machine, like the chain, is no stronger 
than its weakest link. If any vital part 
breaks or wears out, everything stops. One 
by one these weak links yield until the ma- 
chine is discarded. To improve the machine 
we must first spot these weaknesses as 
quickly as possible and then find ways to 
correct them. It is a sort of modern-day 
counterpart of Oliver Wendell Holmes’ 
concept expressed in the “Wonderful One 
Hoss Shay.” 

Of course there are definite limitations 
to changes or kind of alterations that can be 
made in a product once in the production 
stage. It may not always be possible or 
practical to change a part or a unit without 
a costly interruption. Nonetheless, it is 
important to have full and continuous flow 
of information on the performance of the 
product, on any weaknesses that may de- 
velop, and to pinpoint trouble spots as the 
number of units increases and work condi- 
tions become more varied. What measures 
are taken to make improvements or to meet 
each situation become engineering and 
management decisions. 

The May, 1923, issue of AGRICULTURAL 
ENGINEERING reported in some detail a sys- 
tem on “How Field Experience Can Influ- 
ence the Design of Farm Machines.”” This 
was based on a system which I put into 
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effect with a tractor manufacturer to cover 
two new tractors for a period of two years. 
It was an elementary version of the plan 
that has been outlined here. All recording 
and computing of data were performed by 
office clerks. The system entailed tedious 
paper work and figuring, but it soon pro- 
vided some startling revelations and results. 

The pilot tractors had undergone rigid 
testing and months of field work before reg- 
ular production was started. Yet within two 
weeks after delivery of the first tractors to 
customers, reports began to indicate certain 
functional tendencies and mechanical weak- 
nesses. By careful analysis definite trends 
were quickly established. All available fac- 
tors involved in the design and production 
were studied. Within a few months forty- 
seven important changes or alterations had 
been made in the two tractors. These in- 
clude changing steel in rear axle to improv- 
ing water passages and circulation in the 
cylinder head. Minor improvements and 
elimination of ‘bugs’ continued to be made 
in both tractors for some time. 

Under normal procedures some of the 
improvements mentioned would have been 
made, but the improved reporting system 
and accurate analysis of the difficulties 
speeded the process of changes, saved con- 
siderable expense and held to a minimum 
the number of tractors subject to these fail- 
ures from getting into the hands of 
customers. 

But beyond this immediate function, the 
greater value in the system undoubtedly 
may lie in the “piling up” of information 
and experience data to guide the engineer- 
ing of new machines. This massive and 


(Continued on page 670) 
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Following are brief reviews of papers presented at ASAE meetings or other agricultural engineer- 
ing papers ef which complete copies are available. Information cencerning copies of these papers 
may be obtained by writing to the American Society of Agricultural Engineers, St. Joseph, Mich. 


Instrumentation for Measuring the 
Spectral Response of Insects, by R. A. 
Stermer, agricultural engineer, AMS, 
USDA, Texas A & M College, College 
Station. Paper presented at the Annual 
Meeting of ASAE, Santa Barbara, Calif., 
June 1958, on a program arranged by the 
Electric Power and Processing Division. 
Paper No. 58-108. 


This paper is a presentation of instru- 
mentation developed for measuring the 
spectral response of stored products insects 
to electromagnetic radiation. Instrumenta- 
tion was developed for isolating narrow 
wavebands of radiation between 280 and 
600 mu. A satisfactory technique was 
developed for presenting the narrow wave- 
bands of radiation to the insects to test 
their response. The intensities were kept 
constant at all wavebands which required 
spectral calibration of the intensity measur- 
ing equipment. This included a multiplier 
phototube and its associated circuit, a d.c. 
power supply, and a vacuum tube milli- 
voltmeter. 

The author reports that nine wavebands 
extending from 280.4 to 600.0 mu were 
used with seven species of stored products 
insects. Four of these species showed the 
greatest preference for a waveband near 
500.0 mu, in the green portion of the spec- 
trum with a secondary preference for a 
waveband near 350 mu. One species, the 
Indian-meal moth, showed a highly sig- 
nificant preference for near ultraviolet with 
a secondary preference for the green, 500 
mu. Still another species, the rice weevil, 
showed no preference for wavebands be- 
tween 334 and 546 mu. All species were 
unattracted to wavebands below 300 mu 
and only slightly attracted by wavebands at 
405 and 600 mu 


Rotary Tillage Characteristics—a Quan- 
titative Evaluation of Present Con- 
cepts, by W. J. Adams, Jr. and Donn B 
Furlong, respectively, assistant manager, 
Central Engineering Department, Food 
Machinery and Chemical Corporation, 
San Jose, Calif., and chief development 
engineer, Bolens Products Division, Food 
Machinery and Chemical Corporation, 
Port Washington, Wis. Paper presented 
at the Annual Meeting of ASAE in Santa 
Barbara, Calif., June 1958, on a program 
arranged by the Power and Machinery 
Division. Paper No. 58-58. 


The authors discuss the tremendous im- 
pact that rotary tillage has had on power 
gardening in recent years. They report that 
most of the criticism of rotary tillers for soil 
preparation is concerned with high horse- 
power consumption and over-working the 
soil. The scope of this paper pertains to 
the gatnering of experimental data and ana- 
lyzing characteristics of tiller variables and 
parameters in the interest of leading to 
improved future design and performance. 

A research testing machine was developed 
and the characteristics of rotary tillage were 
determined in order to compare performance 
in terms of rotor and traction horsepower, 
rotor reaction forces, and cutting, disper- 
sion and pulverization characteristics. Three 
basic type tines (hoe, slicer, and pick) were 
evaluated in respect to each other as well 
as their respective performance. Test results 
are given in terms of hardness of sub-bed, 
power requirements, speeds, increments of 
cut and width of rotor. 


Some Mechanical and Rheological Prop- 
erties of Grains, by G. C. Zoerb and 
C. W. Hall, respectively, associate pro- 
fessor of agricultural engineering, South 
Dakota State College, and professor of 
agricultural engineering, Michigan State 
University, East Lansing. Presented at the 
Annual Meeting of ASAE at Santa Bar- 
bara, Calif., June 1958, on a program 
arranged by the Farm Structures and elec- 
tric Power and Processing Divisions. 
Paper No. 58-11. 

This paper describes SR-4 strain gage 
equipment developed to measure mechan- 
ical and rheological properties of grains 
and presents results of the study. Included 
are results of load and deformation rela- 
tionships obtained by amplifying the output 
from two strain gage bridge circuits, and 
recording them on a two-channel oscillo- 
graph. Three grains, soft red winter wheat, 
yellow dent corn, and pea beans were 
studied. 

An account is given of the chief parameter 
investigated—the effect of moisture content 
on kernel properties —as well as a study 
relating to the effect of rate of deformation 
and the relation of kernel position (edge 
or flat) to strength characteristics. 

The principal rheological property ex- 
amined in the investigation was stress relax- 
ation with time under various conditions for 
pea beans. A two-term exponential equation 
was obtained graphically to express the 
stress relaxation—time relationships. 


Mechanical Fruit Harvest — Olives, 
Peaches, and Pears, by L. H. Lamouria, 
H. T. Hartmann, R. W. Harris, and C. R. 
Kaupke, respectively, associate professor 
of agricultural engineering, associate pro- 
fessor of pomology, assistant horticul- 
turist, and assistant specialist in agricul- 
tural engineering, University of California. 
Presented at the Annual Meeting of 
ASAE at Santa Barbara, Calif., June 1958, 
on a program arranged by the Power and 
Machinery Division. Paper No. 58-64. 


The results of six years of research are 
presented in this paper with the authors 
relating the following indications regarding 
machine harvesting of fruit: (a) With tree- 
shaking equipment, table olive fruits were 
mechanically harvested onto catching frames 
with about 16 percent of the hand-harvest 
labor normally required and 30 percent of 
the hand-harvest costs. (b) Oil olives were 
mechanically harvested with about 10 per- 
cent of the labor that would have been 
required for hand harvest and 30 percent of 
the hand-harvest costs. (c) Although more 
scarring of the fruit occurs with mechanical 
peepee than with hand picking, process- 

ng of table olives by the black-ripe method 
cflectively masks the scars. (d) Clingstone 
peaches were mechanically Sevemasd with 
over 75 percent of the fruit free of visible 
injury immediately following harvest. Pear 
injury varied with tree height. (e) The 
vigorous shaking given the trees by the 
boom shaker equipment produced very little 
limb breakage and apparently no tree injury. 
(f) Tree structure and fruit maturity are 
the greatest deterrents to the successful me- 
chanical harvest of deciduous fruit destined 
for the cannery. 

The paper includes a description and 
comparison of equipment used in the investi- 
gations and calculated harvest costs for 
olives based upon field findings. 
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Development of a Mechanical Harvester 
for Green Asparagus, by Robert A. 
Kepner, professor of agricultural engi- 
neering, University of Cali fornia, Davis. 
Paper "presented at the Annual Meeting 
of ASAE, Santa Barbara, Calif., June 
1958, on a program arranged by the 
Power and Machinery Division. Paper 
No. 58-63. 


Hand cutting of asparagus is a selective 
operation, with only those spears that ex- 
ceed a secthed minimum height being cut 
each time the field is gone over. During 
most of the two to three-month harvest sea- 
son in California, the beds are cut daily. 
Hand-harvesting costs currently represent 
about 40 percent of the gross income from 
the crop. 

This _ —— a mechanical har- 
vester developed by the University of Cali- 
fornia which is non-selective, cutting al 
emerged spears, regardless of length. "Har- 
vesting is at intervals of 5 to 8 days rather 
than daily. , The author reports that at a 
speed of 34% mph, one machine, with oper- 
ator, told be able to take care of 125 
acres and would replace about 15 hand 
cutters. Engineering problems and operating 
features are discussed. 


A Ten-Year Summary of Psychroener- 
getic Laboratory Research, by R. G. 
Yeck and R. E. Stewart, respectively, 
agricultural engineer (AERD - ARS), 
USDA, and professor of agricultural en- 
gineering, University of Missouri. Pre- 
sented at the Annual Meeting of ASAE 
at Santa Barbara, Calif., June 1958, on a 
program arranged by the Farm Structures 
Division. Paper No. 58-202. 


This paper is a result of a ten-year co- 
operative research at the Psychroenergetic 
Laboratory at Columbia, Missouri, in which 
the authors relate research findings indicat- 
ing three temperature zones for dairy cattle ; 
a low-temperature zone (below 30F for 
Jerseys and below 10F for Holsteins), an 
optimum-temperature zone (30 to 75 F), 
and a high-temperature zone (above 75 F). 
High relative humidity and thermal 
effects of radiation accentuated the deleter- 
ious effects of high temperature, whereas, 
wind somewhat ameliorated the effects of 
high temperature. Holstein cows were less 
heat tolerant than Jersey and Brown Swiss 
cows. A 40 percent relative humidity at 
85 F caused very little drop in milk produc- 
tion among any of the three breeds, but 
when raised to 90 percent at 85 F, Holstein 
production dropped as much as 30 percent 
(Jerseys dropped about 25 percent, and 
Brown Swiss dropped about 20 percent). 
Ten-mph winds at 95 F were responsible for 
recovering 41 to 77 percent of 0.5-mph 
losses at 95 F. Radiation that simulated only 
one-half of maximum summer radiation 
caused appreciable losses in milk production 
at temperatures as low as 70 F. Other phys- 
iological measurements showed similar 
effects of temperature stress. Stable heat 
and moisture dissipation rates at various 
environmental temperatures were recorded. 
Heat dissipation decreased, whereas, mois- 
ture dissipation increased with rising stable 
temperatures. (Continued on page 666) 
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Farm Materials Handling 


Conference 
Attracts Over 400 


Registration was handled most efficiently by (left to right) 


Beverly Jenks, Kay Mikkelsen and Bert Braland. 


Mary 


Ann Harms, not shown, assisted during the second day 


Att of 40 states were represented 
during the first ASAE-sponsored Farm 
Materials Handling Conference which was 
held at Iowa State College September 17 
and 18. The two-day event, followed by the 
annual Iowa Agricultural Engineering Field 
Day, also attracted representatives from 
Canada, Denmark, England, Russia and 
Sweden. 

The auditorium of the Memorial Union 
was filled to capacity for the entire program, 
consisting of two daytime sessions for pre- 
sentation of papers and an evening session 
for showing of motion pictures and slides. 
A total of 427 registered for the conference 
—199 representing industry or private 
enterprise, 153 representing public service 
organizations, 57 students and 18 farmers. 
Over 300 attended the Thursday evening 
banquet. A turnout of 23 representatives of 
the press and radio from all parts of the 
country might be considered a good indica- 
tion of the interest being developed in the 
subject of farm materials handling. During 
the conference Milt Bliss, agricultural repre- 
sentative and producer, National Farm and 
Home Hour, National Broadcasting Co., 
Inc., recorded interviews with S. S. DeFor- 
est, G. H. Seferovich and K. K. Barnes for 
presentation on the Saturday, September 20, 
National Farm and Home Hour radio 
program. 

George H. Seferovich, editor of Imple- 
ment & Tractor, in his introductory speech 
referred to the conference as “an opening 
wedge to getting materials handling ideas 
down to the farm level.” In his presenta- 
tion he outlined a procedure by which en- 
gineers, economists, farm managers, and 
equipment production and marketing people 
can successfully tackle problems of materials 
handling on farms. Although Carl Hall was 
touring Russia at the time of the conference, 
he made his own presentation with the aid 
of effective slides and a taped recording. 
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(Above) Henry J. Barre, consulting agricultural engineer, points out the 


principles involved 


in flow 
Wednesday afternoon session 


of bulk granular materials during the 


(Left) Smiles, displayed by members of the ASAE Committee for Con- 
ference on Materials Handling following the Thursday evening banquet, 
register satisfaction and pride in a job well done. (Left to right) Marvin 


Nabben, 


D. F. Shimon, 
F. W. Andrew, C. K. Otis, 8. 8. DeForest (chairman) and N. 


M. W. Forth (vice-chairman), R. W. Kleis, 


H. Curry 


(chairman of local arrangements committee). Other committee members 
not shown are W. M. Carleton (chairman of program committee), W. J. 
Liddell, G. L. Hazen, and G. W. Isaacs 


F. H. Buelow was on hand to answer any 
questions in Carl’s behalf. W. W. Gunkel, 
H. J. Barre and M. E. Singley, in three 
separate papers, presented principles of 
handling ea materials by type of material 
—liquid, free-flowing and non-free-flowing, 
respectively. 

Motion pictures and slides on bull potato 
handling by A. H. Glaves, handling of cher- 
ries and apples by J. H. Levin, handling of 
cotton from field to ginning by J. A. Lus- 
combe, handling sweet corn, peas, and beans 
by M. O. Marmorine, and handling of 
poultry and livestock materials by Thayer 
Cleaver, were shown on Wednesday evening. 

The second day of the conference was de- 
voted to two papers on the handling of 
liquid materials, one on handling free-flow- 
ing materials, three on handling non-free- 
flowing materials and three on handling unit 
(batch) materials. 

All papers presented during the confer- 
ence were published in the September issue 
of AGRICULTURAL ENGINEERING. A limited 
number of issues are still available from 
ASAE headquarters. 

Kirk Fox, editor emeritus, Successful 
Farming, in summing up the conference 
during the Thursday evening banquet, stated 
that agriculture is not a declining industry, 
but one with many opportunities. He 
pointed out how the comfort of farm life 
has been improved during recent years and 
advancements in the field of materials han- 
dling, by taking the drudgery out of farm 
chores, will result in remarkable changes in 
quality and cost of agricultural products 
possibly in the next ten years. 

On Friday 32 exhibitors of farm equip- 
ment took part in the Annual Iowa Agri- 
cultural Engineering Field Day, sponsored 
by the agricultural engineering department 
of Iowa State College. Actual crops were 
grown in the demonstration area in order 
that displays and exhibits could demonstrate 
materials handling from field to storage, 
through processing, to livestock or market. 
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Student Honor Winners 


Student honor awards, consisting of a cer- 
tificate and gold key, are given annually by 
ASAE in recognition of outstanding scholar- 
ship attainments and general participation 
in student activities. Following are the 
winners elected by their respective student 
branches for the 1957-58 school year: Jimmy 
L. Carpenter, lowa State College; Joe E. 
Clayton, University of Arkansas; L. Edwin 
Coate, Oregon State College; Cecil D. 
Davies, Kansas State College; Robert De- 
Graff, Purdue University; Harvey Hamil- 
ton, Oklahoma State University; James 
Hammerle, Pennsylvania State University ; 
Ronald Holt, University of Illinois; Charles 
Bennett Johnson, Kansas State College; Roy 
L. Johnson, Texas Technological College; 
Fred D. Kaser, Oregon State College; Don- 
ald F. Kindler, Colorado State University ; 
Larry G. King, State College of Washing- 
ton; Alvin E. Klouda, lowa State College; 
James F. Koelling, University of Missouri; 
James W. Lacy, University of Georgia; 
Jerry R. Lambert, University of Florida; 
Linwood E. Lufkin, University of Maine; 
Lowell McCunn, Iowa State College; Robert 
McFall, Kansas State College; Richard J. 
Mullins, lowa State College; Ronald T. 
Noyes, Oklahoma State University; Donald 
E. Pepper, University of Missouri; Carl T. 
Peters, University of Arkansas; Walter M. 
Roll, University of Illinois; John Beverley 
Rose, Virginia Polytechnic Institute; Nor- 
man R. Scott, State College of Washington ; 
Gerald D. Simmons, North Carolina State 
College; William A. Simon, University of 
Idaho; Quentin E. Smart, University of 
Maine; Donald L. Smith, University of Illi- 
nois; John S. Smith, Jr., Virginia Polytech- 
nic Institute; Lee H. Snyder, Pennsylvania 
State University; Lex W. Strickland, Uni- 
versity of Georgia; Carl W. Toney, North 
Carolina State College; Bob L. Whaley, 
University of Idaho; Edward Nash Wil- 
liams, University of Georgia. 
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ference in its itinerary. 


en 


AE Scholarships Announced 


The University of California has an- 
nounced availability of the Harry B. 
Walker Agricultural Engineering Scholar- 
ship to graduate students who are citizens 
of the United States and who declare in- 
terest in academic and research activities. 
The $500 annual award has been made 
possible by the late Professor Walker (past- 
president and honorary member of ASAE) 
and augmented by funds donated by his 
friends and students. 

An agricultural engineering scholarship 
of $300 also has been made available re- 
cently at Ohio State University by J. L- 
Child, Jr., a member of ASAE, through the 
Hancock Brick and Tile Company where he 
is employed as sales engineer. The same 
amount is also contributed for an agricul- 
tural engineering scholarship each year at 
Ohio State by the Standard Oil Company. 
It has been reported also that alumni of 
Ohio State have been contributing to the 
development fund for a similar scholarship 
as a tribute to the McCuens. Professor 
G. W. McCuen is past-president and life 
fellow of ASAE and former department 
head at OSU. 


Journal Paper Awards 


The following are the top ten papers pub- 
lished in AGRICULTURAL ENGINEERING dur- 
ing 1957. They are arranged in the order 
of highest scores as judged by the Com- 
mittee on Paper Awards — B. L. Bondurant 
(chairman), J. E. Harmond, G. A. Kar- 
stens, and T. O. Hodges. 

Authors and titles of the five winning 
papers are C. F. Kelly, T. E. Bond, and 
N. R. Ittner, ‘‘ ‘Cold Spots’ in the Sky May 
Help Cool Livestock;’ F. H. Buelow and 
J. S. Boyd, “Heating Air by Solar Energy ;” 
C. E. Ball, “Imagineering — The Next 50 
Years;"’ Henry Giese, “ASAE — Its Found- 
ing and First Fifty Years;’ and A. W. 
Cooper, G. E. VandenBerg, H. F. McColly 
and A. E. Erickson, “Strain Gage Cell 
Measures Soil Pressure.” 


(Below) Soviet delegation included the Farm Materials Handling Con- 
(Left to right) K. 8. Radin, vice-minister, 
Ministry of Agriculture in Ukraine, USSR, Kiev; A. A. Schiikhter, asso- 
ciate professor of agricultural economic science and chief of agricul- 
tural problems division, Institute of World Economy and International 
Relations, Academy of Science, USSR, Moscow; G. L. Smirnov, engineer 
of clectrical mechanization, Ministry of Agriculture, USSR, Moscow; 
I. A. Budzko, professor in All Union Academy of Agriculture, doctor of 
technical science, and director of All Union Institute of Rural Electrifica- 
tion, Moscow; 0. K. Nichyporuk, associate in science of All Union 
Institute of Agricultural Economics, Moscow; and M. P. Novikov, engi- 
neer of electrical mechanization, Ministry of Agriculture, USSR, Moscow 
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(Above) 


Those receiving honorable mention are 
J. W. Crane and W. M. Carleton, “Predict- 
ing Pressure Drops in Pneumatic Conveying 
of Grain; R. W. Brittain and W. M. Carle- 
ton, “How Surfaces Affect Pesticidal Dust 
Deposition ;” M. E. Singley, ‘Self-Feeder 
Silo Controls Silage Flow;’’ H. E. Pinches, 
“Tomorrow's Agricultural Engineers—Their 
Opportunities;’ and H. A. Myers and 
W. G. Lovely, “Granular Insecticide Appli- 
cators for Control of European Corn Borer.” 


Blue Ribbon Awards for 
Annual Meeting Exhibits 


Public service and industrial organiza- 
tions from all parts of the country displayed 
exhibits at the 1958 Annual ASAE Meet- 
ing at Santa Barbara, Calif., in June, with 
classifications including demonstration 
models, slides, bulletins, periodicals, movies, 
radio and television, and methods outlines. 

Public agency class winners for the 
demonstration models were R. B. Furry, 
Cornell University, with a demonstration on 
tilt-up tools and E. H. Davis, University of 
Idaho, whose demonstration was on a port- 
able hog house. United States Steel Cor- 
poration’s ‘Pole Barn” was the winner in 
the industrial class. 

The slides winner was Thayer Cleaver, 
USDA, ARS, Davis, Calif., with “Plastic 
Sheep Shelters.” 

Winners in the public agency class for 
bulletins included Burton S. Horne, Penn- 
sylvania State University, with a bulletin on 
tools for pasture renovation; Paul R. Hoff, 
Cornell University, on corn picker pointers, 
and McCordic and LaRock, University of 
Wisconsin, on the well-planned kitchen. 
Bulletins winner in the industrial class was 
Portland Cement Association, with ‘‘Con- 
crete Improvements for Cattle Feedlots.” 

Periodicals winners included Kansas State 
College in the public agency class whose 
periodical was on engineering in balanced 
farming, and Portland Cement Association, 
in the industrial class, with “Rural Concrete 
Builder.” 

Winners of the movies award in the pub- 
lic agency class were Ohio State University 


The registration list revealed a variety of interests by those 
who attended the conference. Standing (left to right) are E. M. Lewis, 
manager of agricultural development, Oklahoma State University; K. W. 
Farm Engineering Sales, Inc., Savage, Minn. ; 
Wallace Ashby, chief, livestock engineering and farm structures research 
branch (AERD, ARS), USDA, Beltsville, Md.; R. O. Gilden, Agricultural 
Engineering Federal Extension Service, USDA, Washington, D. C.; and 
Thayer Cleaver, agricultural engineer (AERD, ARS), USDA, University 
of California. Seated (left to right) are M. L. Todd, consulting engineer, 
Todd, Hedeen & Associates, Waterloo, Iowa; E. F. Schneider, vice-pres- 
dent, farm equipment product planning, International Harvester Co., and 
E. G. McKibben, director of Agricultural Engineering Research Division, 
ARS, USDA and President of ASAE 


Westerberg, president, 


F. L. Harrison, midwest branch manager, Oliver 

Corp., A. B. Farquhar Div., (left) has a ques- 

tion for Kirk Fox, editor emeritus, Successful 

Farming, following an address on the job 

ahead for materials handling by Mr. Fox at the 
Thursday evening banquet 


demonstrating “Tractor Tragedy’ and Uni- 
versity of Nebraska with a movie on irriga- 
tion practices. In the industrial class, the 
winners were Portland Cement’s “Concrete 
Example,” New Holland Machine Com- 
pany’s movie on hay in a day, United States 
Steel Corporation’s “Box Silo,” and the 
movie on 4-H tractor trails, by Standard Oil 
Co. (Indiana), Standard Oil Co. (Ohio), 
American Oil Co., Utah Oil and Refining 
Co., and Humble Oil and Refining Co. 

Radio and television winner was Donald 
P. Brown, Michigar. State University on 
electricity at work. 

Methods outlines winners included C. S. 
Winkelblech, Cornell University, on tele- 
vision farm short courses; D. G. Jedele and 
F. W. Andrew, University of Illinois, on 
drying and storage programs; T. C. Skinner, 
University of Florida, on farm fencing 
clinic; and J. D. Netherton, North Carolina 
State College, on effect of pressure on 
sprinkler performance. 

J. P. Schaenzer, chairman of textbook en- 
tries, reported that an unusually fine group 
of 75 recently-published textbooks were 
displayed. No awards were given in this 
class. 
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W. W. Henning of International Har- 
vester Co. has been promoted to the posi- 
tion of manager of engineering in the com- 
pany’s farm equipment group. He formerly 
held the position of manager of engineering 
for the farm tractor division. His new posi- 
tion places him in charge of all engineering 
activities in the company’s farm equipment 
group, comprised of the farm tractor and 
farm implement divisions and the farm 
equipment sales division. 

Mr. Henning joined the company in 1935 
as a draftsman at the McCormick Works in 
Chicago after graduation from Armour In- 
stitute of Technology. After serving in 
various engineering capacities in the com- 
pany’s farm tractor and construction equip- 
ment divisions, he was named manager of 
engineering of the farm tractor division in 
1957, and served in that capacity until the 
time of his new appointment. 


Hiram P. Smith, an employee of Inter- 
national Harvester Co. since 1930, has been 
appointed to the position of an assistant 
manager of engineering, farm equipment 
group. Mr. Smith who has held several 
responsible positions with the company 
served as manager of engineering in the 
farm implement division before his new 
appointment. 


W. W. HENNING 


J. Roberts will be associated with the 
research and engineering department of the 
John Deere Harvester Works at East Mo- 
line, Ill., during a sabbatical leave from his 
position as chairman of the agricultural 
engineering department, State College of 
Washington. 


James H. Oliver recently retired after 
35 years with General Electric Co., has 
accepted the position of sales promotion 
manager in charge of preparation of appli- 
cation information for Aerovent Fan and 
Equipment, Inc., of Lansing, Mich. He is a 
native of Canada and earned a B.S. degree 
in electrical engineering from McGill Uni- 
versity in Montreal. His work with the 
General Electric Co. was in the field of 
farm electrification with their apparatus 
sales division. 

In addition to his duties with Aerovent, 
where he will continue to promote crop 
drying and ventilation use, he will serve on 
the Farm Equipment and Structures Re- 
search Advisory Committee for the Secre- 
tary of Agriculture. 


Accept AE Department Head Appointments 


apes 


D. T. KINARD 


R. L. Green 


Announcements have been received that 
agricultural engineering department heads 
have been appointed at the University of 
Florida and University of Maryland. 

Drayton T. Kinard, newly appointed 
head of the agricultural engineering depart- 
ment at the University of Florida, assumed 
his duties August 16. Dr. Kinard who 
formerly headed the agricultural engineer- 
ing department at the University of Ken- 
tucky was born in Dillon, S. C., and re- 
ceived a B.S. degree in agricultural engi- 
neering at Clemson College. He graduated 
from Virginia Polytechnic Institute with an 
M.S. degree and later earned a Ph.D. de- 
gree from Michigan State University. 

In 1941 Dr. Kinard joined the Univer- 
sity of Georgia staff as a research associate 
and was promoted to professor of agricul- 
tural engineering in 1955. In 1956 he was 
named head of the newly formed agricul- 
tural engineering department at the Uni- 
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versity of Kentucky where he continued 
until he accepted the invitation to join the 
staff at the University of Florida as suc- 
cessor to the late Frazier Rogers. 


In addition to his teaching experience, he 
worked for several commercial firms as well 
as the Farm Security Administration and 
the U.S. Soil Conservation Service. He 
served four years in the Army during 
World War Il, with two years spent in the 
European Theater. 


Robert L. Green has accepted the posi- 
tion of head of the agricultural engineering 
department at the University of Maryland 
where his departmental duties will include 
the supervision and coordination of agricul- 
tural engineering activities in teaching, re- 
search and extension. Dr. Green received a 
BSAE degree from the University of Geor- 
gia, an M.S. degree from Iowa State Col- 
lege, and a Ph.D. degree from Michigan 
State University. 

From 1934 to 1947 he was with the Soil 
Conservation Service in Georgia, with five 
years of this time being spent in the service 
of the U.S. Army. Among other profes- 
sional appointments, he has been employed 
as assistant professor of agricultural engi- 
neering at Louisiana State University and 
for two years served as agricultural engi- 
neer with the U.S. Special Technical and 
Economic Mission for Indonesia. Before 
his present assignment he was superinten- 
dent and agricultural engineer of the South- 
eastern Tidewater Experiment Station, Soil 
and Water Conservation Research Division, 
ARS, USDA in Fleming, Georgia. 


AGRICULTURAL ENGINEERING * 


J. RopertTs 


D. D. Reep 


J. E. CoLLins 


Dale D. Reed, who has previously 
served as representative for the LeTourneau- 
Westinghouse Co. government sales depart- 
ment at Washington, D.C., has been ap- 
pointed the company’s special government 
sales representative for Canada. The pur- 
pose of this new post is to expand service 
to the Canadian government in matters of 
consultation on government contracts, sales 
and technical problems. Mr. Reed will also 
represent J. D. Adams Co., Ltd. of Paris, 
Ontario, the firm's Canadian subsidiary, in 
matters relative to government sales. He has 
also been a member of the company’s field 
engineering department. Before joining the 
firm in 1956 he served in the U.S. Army, 
Corps of Engineers as a project officer in 
charge of testing aviation engineering con- 
struction equipment. He received a B.S. 
degree in agricultural engineering from 
Purdue University in 1953. 


Joseph E. Collins has been promoted 
to senior agricultural sales engineer of the 
Appalachian Electric Power Co. with head- 
quarters in the company’s System Commer- 
cial Department at Roanoke, Va. 

From 1940 to 1942, and after his gradu- 
ation from Virginia Polytechnic Institute, 
he was employed with Shenendoah Valley 
Electric Coop. as rural electrification advisor 
and utilization specialist, promoting the use 
of electricity on the farm by method and 
result demonstrations. In 1942 he accepted 
a position with the Glen L. Martin Co., 
Baltimore, Md., where he was employed as 
first class ground and flight test inspector. 
He returned to VPI in 1945 to accept a 
position in connection with the Virginia 
Agricultural Extension Service. He first 
joined the staff at Appalachian Electric 
Power Co. in 1949 where, in 1950, he be- 
came rural and residential sales supervisor 
at Abington, and in 1957, was named elec- 
trical engineer. He earned an M.S. degree 
from VPI in 1955. 


H. E. McLeod has returned to Clemson 
Agricultural College, Clemson, South Caro- 
lina, as assistant professor of agricultural 
engineering, after a three-year leave of ab- 
sence for study at Iowa State College. He 
now holds an M.S. degree in agricultural 
engineering and has earned credit toward a 
Ph.D. degree. 
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R. W. Jones 


D. R. BuURROWBRIDGE 


R. W. Jones retired October 1 from his 
position as watershed specialist with the 
Soil Conservation Service, U.S. Department 
of Agriculture. He was born in Pisgah, 
Iowa, in 1899. 

Previous to receiving his Civil Service 
rating in 1935, Mr. Jones was engaged in 
the investigation of highway traffic in Iowa, 
acting as special investigator for the Sec- 
retary of State. Later he became assistant 
director of ECW, lowa, in connection with 
the USDA. 

In 1935 he was named engineer inspector 
for the Soil Conservation Service located in 
Bethany, Mo. He accepted the position of 
project superintendent with the lowa SCS 
No. 12 at Moorhead, Iowa, in 1936, and 
while serving in this capacity received 
national citation for his activities as direc- 
tor of the safety program. He also directed 
and supervised drag-lines, tractors and 
heavy earth moving equipment used in con- 
structing large earth dams and developed 
complete conservation plans on 300 farms. 

As soil conservationist of Mills County 
Conservation District, Malvern, lowa, a 
position he accepted in 1941, he directed 
the planning and establishment of all con- 
servation practices with farmer cooperators 
and developed field methods for operating 
various types of equipment in conservation 
practices. 

In 1957 he received the U.S. Department 
of Agriculture Superior Service Award for 
his watershed accomplishments. As early as 
1935 he advocated the formation of small, 
farmer cooperative watershed projects. As 
one of the first advocates of farm plans 
based upon the capability of the soil, with 
supporting conservation practices to control 
run-off and reduce soi] loss, he is often 
referred to in Iowa as the Father of Level 
Terraces. 

Mr. Jones plans to limit his professional 
activity to conservation consulting, appraisal 
and management. 


D. R. Burrowbridge who has previously 
been employed as director of Thor Research 
Center in Marengo, Ill., has accepted a 
position with Virginia Polytechnic Institute, 
Blacksburg, Va., where he will serve as 
coordinator for the Farm and Home Electri- 
fication Council. In his new assignment he 
will be responsible for planning and organ- 
izing in-service training programs for pro- 
fessional agricultural workers and coordinat- 
ing the.council’s state wide program in 
farm and home electrification. 


Joe R. Jones has accepted a position 
with the Texas Technological College, Lub- 
bock, Texas, where he will be an instructor 
in the agricultural engineering department. 
Along with other teaching responsibilities 
he will instruct the gin engineering course, 
which, he reports, is the only undergraduate 
course of its nature being taught. Mr. 
Jones was formerly employed as assistant 
agricultural engineer, cotton ginning, at the 
A & M College of Texas. 
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Harold E. Gray who has been connected 
with the agricultural engineering depart- 
ment of Cornell University has become 
director of sales promotion and develop- 
ment for Lord & Burnham, Division of 
Burnham Corporation at  Irvington-on- 
Hudson, N. Y. He recently spent 18 months 
in the Philippines where he served on the 
staff of the Cornell-Los Banos project with 
the College of Agriculture of the Univer- 
sity of the Philippines. 


G. H. Dunkelberg has returned to 
Clemson Agricultural College, Clemson, 
South Carolina, after a two-year assignment 
at the Indian Institute of Technology, 
Kharagpur, India. While in India he was 
employed as a member of the staff of the 
agricultural engineering department of the 
University of Illinois under their contract 
with the International Cooperation Admin- 
istration. 


Roger Yoerger, formerly associated with 
the agricultural engineering department of 
Pennsylvania State University, has joined 
the staff of the University of Illinois july 1 
with primary responsibilities in the power 
and machinery area. 


ASAE MEETINGS CALENDAR 


October 16 — CENTRAL ILLINOIS SECTION, 
Caterpillar Building, Peoria, Ill. 

October 16-17 — PENNSYLVANIA SECTION, 
Abraham Lincoln Hotel, Reading, Pa. 

October 17-18 — Onto Section, Ohio State 
University, Columbus, Ohio 

October 22-25 — PaciFic NorTHWEST SEC- 
TION, Oregon State College, Corvallis, Ore. 

October 24—GeEorGIA SECTION, Athens, 
Ga. 

October 24—Iowa SECTION, Latin King 
Restaurant, Des Moines, Iowa 

October 24-25 — ALABAMA SECTION, Ala- 
bama Polytechnic Institute, Auburn, Ala. 

October 27 — MINNESOTA SECTION, Minne- 
apolis Campus, University of Minnesota, 
Minneapolis, Minn. 

October 30-31—SouTH CAROLINA SECTION, 
Clemson Agricultural College, Clemson, 
~<. 

November 14-— OKLAHOMA SECTION, Ok- 
lahoma State University, Stillwater, Okla. 

(Continued on page 669) 


Three Elected to Grade of Fellow 


Mack M. Jones, Irwin L. Saveson and 
David S. Weaver were recently awarded 
the grade of Fellow by the Council of 
ASAE for distinctive services in the field of 
agricultural engineering. 


Mack M. Jones, a member of the So- 
ciety since 1919, was born in Edgerton, 
Mo., October 8, 1896. He received a B.S. 
degree in electrical engineering in 1918 
from the University of Illinois and an M.S. 
degree in agricultural engineering from 
Iowa State College in 1927. 

During World War I he served in the 
U.S. Army Signal Corps. Following army 
service he became an instructor in agricul- 
tural engineering at Texas A. & M. College 
until September 1919 when he joined the 


* agricultural engineering staff at the Uni- 


versity of Missouri as instructor in farm 
machinery, engines, tractors, and farm shop 
practice, becoming chairman of the depart- 
ment in 1948. 

He assisted in the organization of three 
ASAE Sections — North Central Section, 
Missouri Section, and the Mid-Central Sec- 
tion — and held major offices in each. 

Mr. Jones is well respected for his pro- 
fessional accomplishments and has authored 
several widely used textbooks on farm shop 
work and a number of bulletins of the 
Missouri Agricultural Experiment Station. 
He is active in the Christian Church and in 
work with the Boy Scouts and Campfire 
Girls. 


Irwin L. Saveson was born June 28, 
1900, in Columbus, Ohio. In 1922 he re- 
ceived a B.S. degree from the Ohio State 
University with a major in agricultural engi- 
neering. The University awarded him an 
Honorary Professional Engineering degree 
in 1952. 

From 1922-1933 Mr. Saveson was in the 
business of farm equipment and contracting. 
In 1933 he joined the U.S. Department of 
Agriculture where he worked on drainage 
and erosion control in Ohio and Indiana 
with the Operation Division of the Soil 
Conservation Service. 

He is considered a prominent figure in 
development of land forming in the humid 
areas of the United States, his efforts result- 
ing in important developments in the solv- 
ing of farm land drainage problems. His 
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work with the Research Division in Louisi- 
ana where he was transferred in 1944 
attracted world-wide attention. In 1952 
the project work there was extended to the 
cotton section and included both drainage 
research and deep tillage research in cotton 
and sugar cane. Currently this project under 
his supervision is set up to cover the drain- 
age problems of the Mississippi Delta sec- 
tion of Arkansas, Louisiana and Mississippi 
and is operated under the Soil and Water 
Conservation Research Division of the Agri- 
cultural Research Service, U.S. Department 
of Agriculture. Mr. Saveson is the author 
of several publications on surface drainage 
and deep tillage. 

Among his engineering accomplishments 
is the development of a direct mounted, hy- 
draulically controlled mole drain machine, 
for which a public service patent was 
issued. He was awarded the USDA Superior 
Service Award for his work in drainage of 
sugar cane land in 1950. 


David S. Weaver was born in West- 
wood, Ohio, June 19, 1896, and received 
his B.S. degree in 1920 from Ohio State 
University. Following his graduation he 
remained at the University for three years, 
assisting in the agricultural engineering de- 
partment. He was then called to Mississippi 
A & M College where he became assistant 
professor of agricultural engineering. In 
1923 he accepted a position in the agricul- 
tural engineering department at North 
Carolina State College where he was asso- 
ciate professor and from where he received 
an M.S. degree in agricultural engineering 
in 1925. He became head of the agricultural 
engineering department in 1940, serving in 
this capacity until 1948 when he was pro- 
moted to assistant director of the North 
Carolina Agricultural Extension Service, 
later becoming director, the position he now 
holds. On a leave of absence from 1936- 
1937 he joined the Federal Rural Electrifi- 
cation Administration as principal engineer. 

Mr. Weaver is a pioneer as well as a 
national figure in the development of rural 
electrification, conducting the nation’s first 
statewide survey in this field. He has also 
been a leader in the mechanization of cotton 
and tobacco and the introduction of irriga- 
tion in the South Atlantic states. 
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New Hydraulic Power Unit 


Wisconsin Hydraulics, Inc., announces a 
new hydraulic-power unit (Model 620) fea- 
turing a 4-way control valve for precise 
control of any double-acting cylinder. The 
compact, completely integral unit, consisting 
of 6 or 12-volt d-c motor drive, pump, 
4-way control valve and tank is controlled by 
a single lever that can accommodate a clevis 
for remote-control linkage. There are three 


operating positions including spring return 
to neutral, with positive checking of oil 
ports in the neutral position. The 110-cu-in. 
rectangular oil reservoir is made of cast 
aluminum. The electric motor is flange- 
mounted to one end of the housing, and the 
4-way control valve to the other. Working 
parts are totally enclosed for all-weather 
protection. The power unit may be mounted 
vertically, with motor end up, or hori- 
zontally. 


(For more facts circle No. 51 on reply card) 


New Irrigation Sprinkler 


Rain Bird Sprinkler Manufacturing Corp. 
announces a new series of irrigation sprin- 
klers (Model No. 29). The top seal of 
this sprinkler consists of a specially formed, 
saucer-shaped teflon washer, sealing against 
the bearing nipple and sleeve, and is held 
in place by a brass washer and upthrust 


spring. The bottom seal consists of an 
L-type teflon insert ring and soft neoprene 
washer. All bearing wear is on this re- 
placeable washer and ring. This new series 
of sprinklers are of the single-nozzle, full- 
circle, slow-rotating type and have bridge- 
tvpe protective construction of body de- 
signed to provide balanced, two-point drive 
and reduced wear on all moving parts. 


(For more facts circle No. 52 on reply card) 
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PTO Drive for Forage or 
Grain Blower 


Allis-Chalmers Mfg. Co. announces a 
power take-off drive for its forage and grain 
blower which will fit any of the company’s 
blowers and permits driving from either 
side. The PTO attachment can be quickly 
and easily hooked up in close quarters. 
The drive is through an enclosed gear box 


and triple V-belt sheaves which cushion 
shock loads and protect both tractor and 
blower. Varying fan speeds are made pos- 
sible for reversing the V-belt sheaves for 
grain and other crops. A spring-loaded idler 
maintains proper belt tension for longer 
life and less need for belt adjustment. The 
unit is shielded for safety. 


(For more facts circle No. 53 on reply card) 


Hydraulic Directional Valves 


Wooster Division, Borg-Warner Corp., 
announces a new line of directional control 
valves designed to meet the stringent re- 
quirements of hydraulic oil systems on earth- 
moving, materials-handling agricultural and 
industrial equipment. The new line offers 
nominal ratings from 5 to 25 gpm and up 
to 6-spool configuration. These new valves 


are designed for operating pressures up to 
2000 psi. The open-center, parallel-circuit 
design of these valves permits independent 
or simultaneous operation of cylinders or 
hydraulic motors. In addition, multiple 
cylinders and hydraulic motors can be op- 
erated from a single multispool valve. Actu- 
ation of the valves is through a lever 
control. 


(For more facts circle No. 55 on reply card) 


Hydraulic Cylinders 

Densmore Engineering Co. is offering a 
hydraulic cylinder designed for medium 
high-pressure service. It is made of high- 
quality, cold-drawn honed hydraulic tubing 


pressure tested for 1000-psi service. The 
gland and piston are of aluminum alloy and 
the piston rod is chrome plated. The base 
and rod clevises are cast steel electric welded 
to the barrel and conform to ASAE 
standards. 


(For more facts circle No. 54 on reply card) 
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Pressure-Relief Valve 
for Spraying 

Spraying Systems Co. announces a new 
pressure-relief valve which is made with 
hardened stainless steel parts for maximum 
wear resistance to liquids containing abra- 
sive suspended solids, sometimes contained 
in chemicals used in farm spraying. In the 
new pressure-relief valve, the valve guide 
and inlet adapter are fitted with hardened 
stainless steel inserts to provide a high de- 
gree of resistance to abrasive wear. The re- 


mainder of the unit is made of brass with 
stainless steel springs. Two springs with 
different tensions are provided, the lighter 
spring controlling low-pressure settings and 
the heavier spring controlling higher pres- 
sure settings. Dual springs are used to pro- 
vide extra sensitivity to over-all pressure 
adjustment range up to 300 psi. Other de- 
sign features include an extra large valve 
passage for handling full flow from supply 
line to the %-in. pipe size and pressure 
setting lock that will not loosen under jar 
of rig operation. 
(For more facts circle No. 56 on reply card) 


LPG Air-Cooled Engines 


Wisconsin Motor Corp. announces a com- 
plete line of heavy-duty air-cooled engines 
specially designed for operation on liquid 
petroleum fuels (butane, propane, or a mix- 
ture of both). This line of engines includes 
a full range of sizes from single-cylinder 
models to two-cylinder and V-type four- 
cylinder models in a complete range from 
2% to 5Shp. They are designed for opera- 


tion either with a liquid-withdrawal or 
vapor-withdrawal system. The company can 
supply LPG conversion kits for converting 
its standard gasoline engines to LPG opera- 
tion. The LPG line is not intended to re- 
place the regular line of Wisconsin engines, 
but is being made available as an additional 
line to meet the demand for this type of 
engine. 
(For more facts circle No. 57 on reply card) 
(Continued on page 660) 
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Spiral Bevel....] 
Hypoid Bevel... } 
Zerol* Bevel..... 7 
Straight Bevel... — 
Coniflex* Bevel... i 


Flywheel Ring 
ON Sse 


Straight Spur..... Wa 
Spur & Helical... ' 
Spline Shafts ...... 


Straight & Spiral 
Angular Bevel.... 


Assemblies....... : 


' 
VE GEAR DIV 
auTomotT! 


acTtuRnt 
an "RICHMOND, INDIANA 


SION 
MPaANy 


write > 


(on your letterhead) a 


IS THE ANSWER TO YOUR GEAR 
PROBLEM IN THIS NEW 44-PAGE CATALOG? 


The 10 gear types in which we specialize are comprehensively 
covered together with “vital statistics” on our 44 years of gear 
specialization. Our gear engineers are available for consultation. 


*Reg. U.S. Pat. Off. (For more facts circle No. 37 on reply card) 
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CLEVEREST MAN ON WHEELS 


Call the ELECTRIC man for 
wise new ways to cut your 
costs while solving your 
trickiest wheel problems! 


Call him at Quincy for the 
quickest answers and the 
fastest follow-through in the 
wheel industry. He knows your 
product and his product, 

and how to put them together 
at competitive prices. 


You'll be amazed at what a 
seasoned sales engineer— 
backed by an automated opera-— 
tion, an ideal location and 
years of agricultural experi- 
ence—can do for you. 


Call or write today for what-— 
ever you want in a disc or 
spoke-type wheel (steel or 
rubber-tired), rim, hub, axle 
or component part——whenever 
you want it. 


“What we sell is service’ 


LBLBCLTLIC WHEEL CO. 
Write to Department 1E 
1120 N, 28th St., Quincy, Minois, BAldwin 2-5320 


DIVISION OF THE FIRESTONE TIRE & RUBBER CO. 


(For more facts circle No. 25 on reply card) 
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. - » New Products 
(Continued from page 658) 


Spring-Loaded Clutch Assembly 


Rockford Clutch Div., Borg-Warner 
Corp., has patented a new design and ar- 
rangement of levers for operating spring- 
loaded clutch assemblies. Use of a rolling- 
fulcrum pin action in the release lever is 
said to result in less friction and wear, 
as well as smoother release operation. The 


levers automatically return to their original 
position after full engagement of the clutch. 
Also the levers are carefully balanced to 
avoid lever throwout at high engine speeds. 
The clutch automatically compensates for 
facing wear. The clutch-driven member is 
offered with solid or dampener arrangement, 
the latter for dampening out torsional 
vibration noises. A cushion feature is also 
available for promoting smoother engage- 
ment. 


(For more facts circle No. 58 on reply card) 


Spreader Used as 
Power-Unloading Wagon 


New Idea Farm Equipment Co. offers a 
new PTO 125-bushel spreader designed to 
quickly adapt the unit for use as a power- 
unloading wagon. It is available in two 
separate add-on units. The spreader is 
equipped with forage sides to provide a 
capacity up to 205 cu ft. The first unit, com- 
prised of rear-end assembly and steel sides 


2144 in. high, gives a capacity of 150 cu ft, 
and the second unit of 15% in. high forage 
side extension gives an additional 55-cu ft 
capacity. A tray-type steel feed gate at the 
rear can be operated by one man. The dis- 


tributor paddles are removed from the 
spreader when the forage sides are added. 
When the main cylinder is used, five feed 
speeds are available. A single fast-unload- 
ing speed is available when the bed con- 
veyor is used for cleanout. 


(For more facts circle No. 59 on reply card) 


AGRICULTURAL ENGINEERING 


New Line of Agricultural Tractors 


John Deere has introduced a new line of 
agricultural tractors designated as the “30” 
series. which are available in six power sizes 
and 30 basic models, ranging from 1 to 2- 
plow to 6-plow units. In addition to their 


new styling, these new tractors feature ad- 
vanced power steering, a versatile hydraulic 
system, three-point hitch with load-depth 
control, live power shaft, and the float-ride 
seat which have been carried over from 
previous models. 

(For more facts circle No. 60 on reply card) 


Pillow Block Ball Bearing 


The Fafnir Bearing Co. has introduced a 
new standard series LAKH pillow block ball 
bearing designed to meet specific require- 
ments for varying over-all dimensions. Sim- 
ilar in design and load capacities to other 
standard series Fafnir pillow blocks, the 


LAKH features a wide inner-ring ball bear- 
ing incorporating a mechanical seal. Said 
to be frictionless and wearless, this seal is 
an integral part of the bearing which keeps 
lubricants in and foreign matter out. The 
bearing is self-aligning and can be installed 
quickly. 
(For more facts circle No. 61 on reply card) 

Air-Cooled Diesel and 


Gasoline Engines 


Hercules Motors Corp. has acquired sole 
American distribution rights to the German- 
built “Jlo” line of air-cooled diesel and 


industrial 
United States. The gasoline engines range 
from 1 to 33 hp. The diesels are offered in 
two basic models—7 and 12 hp and weigh 
110 and 190 Ib, respectively. 

(For more facts circle No. 62 on reply card) 
(Continued on page 662) 


gasoline engines within the 
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BUILDINGS 
LOOK TO WEYERHAEUSER 4-SQUARE 


It all starts with a solid, durable frame. The strength of farm BOARDS: Seasoned before surfacing to size. Available in 
buildings rests upon the use of correct species and grades of ey aR anh geet, 


lumber plus sound engineering and good workmanship. | 
Weyerhaeuser 4-Square Kiln-dried Lumber and other wa“ q 
building products are scientifically produced to exacting agi yar 


standards. They give trouble-free performance, lasting satis- a i A _ 
faction, and economical construction. pd a 

That is why technical men encourage farmers to contact Saal 
their Weyerhaeuser 4-Square Lumber Dealers . . . whether 
the farmers are repairing the corn crib, building a new 
machine shed, or remodeling their home. 

You also will find your local Weyerhaeuser 4-Square 
Lumber Dealer a good source of building ideas, plans, “a 
working drawings, and quality materials. 


rae awed : 


Scientifically kiln-dried framing 


% s 
> lumber contributes much to sound 
, durable construction. 


Basically Better Because... 
Trademarked Weyerhaeuser 4-Square Lumber is: 


® PROPERLY SEASONED—by scientific drying methods 
that produce lumber which has maximum strength, 
finishes easily, and holds nails securely. 


@ ECONOMICAL TO USE—because this lumber is cut to 
exact lengths with smooth, square ends. This reduces 
waste, saves labor. 


@ UNIFORMLY GRADED AND IDENTIFIED—so that you 
know exactly what you are buying. 


e AVAILABLE IN A BROAD LINE OF PRODUCTS—for all 
building needs. Your Weyerhaeuser 4-Square Lumber 
Dealer can supply the grades and species needed for 
any farm job, including sheathing, framing, siding and 
finish. The Weyerhaeuser 4-Square trademark identi- 
fies lumber which gives better building values. 


» Design No. FH-6181 
Three Bedroom Home 


This home is designed especially for modern farm 
living. lt fectures a “wash-up” room, lorge kitchen, 
pleasant living area, and sheltered porch. 


Design No. 3224 
Garage-Workshop 

For farmers who need a double garage and workshop 

under one roof, here is a roomy, well lighted service 


building. Plans provide for an overhecd hoist, plus 
shop equipment. 


See your nearest Weyerhaeuser 4-Square Lumber Dealer 
or write us for illustrated farm building books covering 
Hog, Cattle, Poultry, Sheep, Crop Storage, Machinery 


Design No. 1135 Sheds, and Modern Farm Homes. 


Trussed Roof Cattle Shed 


Here’s sturdy protection for beef cattle. This big, eco- 
nomical shed provides shelter from icy winds, rain, 
snow. Rear doors open for summer ventilation. 


WEYERHAEUSER SALES 
COMPANY 


2547 FIRST NATIONAL BANK BUILDING 
ST. PAUL 1, MINNESOTA 


These plans, and scores more, are available from 
your local Weyerhaeuser 4-Square Lumber Dealer. 
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. . . New Products 
(Continued from page 660) 


New Tractor Line 


International Harvester Co. has recently 
released a new line of 12 Farmall and 
International wheel tractors in six power 
sizes at the company’s Hinsdale, Illinois, 
experimental farm. Dazzling lights, full 
bands, and special entertainment heralded 
in the new tractors and equipment during 


1 MALLEABLE IRON HOUSINGS 
2 MORE COMPACT DESIGN 

3 LIGHTER WEIGHT 

4 SELF-ALIGNING BEARINGS 
5 LIFETIME LUBRICATION 

6 ECCENTRIC LOCKING RINGS 


“a 7 a . 
oe th ie, = 
Ps = es ee Fie EE 


> 
re 


seven two-day, and three one-day shows put 
on by a cast of 110 using 260 tractors and 
approximately 200 other pieces of farm and 
industrial equipment. Over 11,000 people 
attended the introduction, of which nearly 
8,500 were dealers and sales personnel from 
every part of the United States and Canada. 
The new line of tractors is in keeping 
with the trend towards greater capacity and 
more productive operations both on the 
farm and in industry. There are 6-cylinder 
engines on the larger tractors; advanced 
styling; increased power in most models; 
special new operating features; a wider 
selection of gasoline, LP Gas, distillate, or 
diesel engines, and new power steering on 
more models than ever before. A new 
3-point hitch with Traction-Control is now 
available for 2 and 3-plow tractors. 


Browning combines all the 
cost-saving features of modern 
anti-friction bearings with a 
Browning exclusive— unbreak- 
able malleable housings—to pro- 
vide bearing units that are vir- 
tually indestructible. Because 
malleable is stronger than ordi- 
nary gray iron castings, Brown- 
ing bearing units handle equal 
or heavier loads in smaller space 
and with less weight; operate 
longer with less downtime, lower 
labor costs. 

It will pay you to investigate 
this quality line of rugged pillow 
blocks, flange blocks and take-up 
units. Write today for complete 
descriptive catalog BU-101. 


(For more facts circle No. 77 on reply cord) 


Shaft-Mounted Speed Reducers 


Link-Belt Company has introduced a com- 
pletely new line of shaft-mounted speed 
reducers, designed for a great variety of 
speed-reduction needs. The new units are 
available as (1) single-reduction drives in 
six sizes with nominal ratios of 5 to 1 and 
capacities up to SOhp, and (2) double- 


Browning Manufacturing Company 

Maysville, Kentucky 
reduction drives in seven sizes with nominal 
ratios of 15 to 1 and capacities up to 40 hp. 
These speed reducers can be mounted at 
angular as well as horizontal positions by 
either tie rod or foot mountings. Positive 
lubrication is constantly assured by live- 
action oil spray generated automatically 
through gear rotation, regardless of the posi- 
tion in which the reducer is mounted. Pre- 
cision housings and bearing seals keep oil 
in and dirt out. A new 24-page book (No. 
2618) describing this new line of shaft- 


~ E ) 
)) Cue’ mounted speed reducers is available. 
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Only from LINK-BELT— 


the best in chain and these 


1. APPLICATION COUNSEL — With the experience 
gained in developing industry’s most complete chain 
line, Link-Belt can give you unbiased advice as to 


the right chain and sprocket for your machine. 


2. EXPERIMENTAL CHAINS AND ATTACHMENTS —If you have requirements that can't be met by standard chains and attachments, 
Link-Beit will work with you on the drawing board and in field tests to provide tailor-made answers to your problems. 


5. BETTER DESIGN AND 
MANUFACTURE — Preci- 
sion manufacture and 
close processing control 
assure consistent quality 
and unvarying pitch uni- 
formity in every link, 
every time. Also, con- 
sistency of press fits 
adds to life of all Link- 
Belt roller chain. Lock- 
type bushings, which 
end a cause of stiff 
chain, are typical of de- 
sign bonuses. 


os 3. FIELD ANALYSIS — Link-Belt engineers are constantly 


a working with equipment manufacturers in field tests. By careful bas i , ‘ ‘ 
ey study of chain performance under actual working conditions, For facts on Link-Belt’s complete line of chains, sprockets 
they can interpret needs and make correct recommendations. and attachments, contact your nearest Link-Belt office. 


LINK 


CHAINS AND SPROCKETS 


4. LABORATORY SERVICE — Every Link-Belt chain meets rigid LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 


. : “eas Serve Industry There Are Link-Belt Plants and Sales Offices in All Prin- 
uniformity specifications. And our laboratory, located at the cipal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); 
world’s largest plant manufacturing drive and conveyor chains, Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs. 
continuously seeks new ways to increase chain life. Representatives Throughout the World. 14,900 
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... Technical Paper Abstracts 
(Continued from page 653) 


Development of the Passion Fruit Cen- 
trifuge, by D. M. Kinch, head, agricul- 
tural engineering department, University 
of Hawaii. Presented at the Annual 
Meeting of ASAE at Santa Barbara, Calif., 
June 1958, on a program arranged by the 
Electric Power and Processing Division. 
Paper No. 58-117. 


The operations of processing passion 
fruit to obtain the juice are outlined in this 
paper. The slicing operation is touched on 
as it pertains to extraction, and the opera- 
tion of extracting the juice and seed sacs 
from the rind is discussed in some detail. 
The development of a continuous-process 
non-fluid centrifugal extractor to perform 
this function is described. 

The design requirements for such an ex- 
tractor are developed from the basic con- 
cepts of centrifugal force and coefficient of 
friction between passion fruit rinds and 
stainless steel. The paper further discusses 
the experimental methods by which these 
basic principles were applied and embodied 
in a successful centrifugal juice extractor. 


Artificial Methods of Ground Water Re- 
charge, by Meyer Kramsky, principal hy- 
draulic engineer, California Department 
of Water Resources, Sacramento, Calif. 
Presented at the Annual Meeting of 
ASAE at Santa Barbara, Calif., June 1958, 
on a program arranged by the Soil and 
Water Division. Paper No. PL58-6. 


This paper briefly outlines the character- 
istics of ground water reservoirs and de- 
scribes artificial recharge techniques as 
related to the use of stream bed percolation, 
flooding, basins, the ditch and furrow 


on Crawler Tractor 


Prolongs life of Engine and Oil 


method, and the more limited method of the 
diversion of water into pits, shafts or injec- 
tion wells. A summary is presented of arti- 
ficial recharge activities in the state of 
California which derives about twelve mil- 
lion acre-feet per year, more than one-half 
its entire water supply, from ground waters. 


Control of Slides by Underdrainage, by 
A. W. Root, supervising materials and 
research engineer, California Division of 
Highways. Presented at the Annual 
Meeting of ASAE at Santa Barbara, Calif., 
June 1958, on a program arranged by the 
Soil and Water Division. Paper No. 
PL58-15. 


In the discussion of ground water as the 
major single factor in causing land slides, 
the author reviews several methods of sub- 
drainage used to prevent a rise in ground 
water level. Methods evaluated in the paper 
include intercepting drain trenches, stabili- 
zation trenches, drainage tunnels, horizontal 
drains, and vertical sand drains. Drawings 
are used to illustrate drainage methods 
described. 


Performance of Flood Prevention Works 
During 1957 Spring Floods, by Howard 
Matson, head, engineering and watershed 
planning unit, (SCS), USDA. Presented 
at the Annual Meeting of ASAE at Sarita 
Barbara, Calif., June 1958, on a program 
arranged by the Soil and Water Division. 
Paper No. 58-151. 


This paper describes the performance of 
watershed protection and flood prevention 
works of the Soil Conservation Service in 
Arkansas, Oklahoma and Texas during the 
severe storms and floods of April, May 
and June, 1957. Excessive rainfall began 
April 19 and continued through most of 
June. From 35 to 40 in. were recorded at 
several points. The mean depth recorded 


over the three states was 19 in., amounting 
to 445 million acre-feet. The maximum 2- 
day rainfall was 22.4 in. 


The paper states that the completed flood 
prevention works prevented $2,162,000 in 
flood damages and that if all feasible trib- 
utary watershed flood prevention work had 
been completed 33 million acre-feet of de- 
tention storage would have been available to 
control 62 million acre-feet of floodwater. 
The author also states that a total of $109, 
320,000 of flood damages would have been 
prevented, a reduction of 70 percent, and 
there would have been no loss of lives in 
creek floods. He believes that the adequacy 
and safety of the structure designs were 
evidenced by the fact that no structures were 
in danger of failure as a result of these 
intense successive storms. 


Correction and Addition 


Word has been received from W. E. 
Matson that the following active projects 
at State College of Washington should be 
added to the list of Current Research Activ- 
ities in Feed Handling in the United States 
and Canada, September issue, page 582: 

Project 1177 — The Development of Self- 
Feeding Silo, 1950 to 1959, Donald Backus 
and June Roberts in charge. 


Project 1357 — Materials Handling on 
Poultry and Dairy Farms, 1950 to 1960, 
W. E. Matson and Clifford Zuroske in 
charge. 

Project 1424 — Labor and Machinery Re- 
quirements for Various Green Forage Har- 
vesting Methods, M. J. Morgan and J. 
Swanson in charge. Projects 1177 and 1357 
are in cooperation with the Washington 
Farm Electrification Committee and prog- 
ress reports are available. Progress reports 
of Project 1424 are not presently available. 


Caterpillar D6 Tractor pulling 
Rome disk plow in Alberta, Canada 


If You’ve got a tough 
cooling problem—choose 
Young-built Equipment! 


Young Radiators are used 


where the going is tough... 


Designing and building oil coolers, 
torque converter coolers, radiators and other heat 
transfer equipment for the automotive and heavy 
machinery industry has been one of the prime functions 
of the Young Radiator Co. for over 30 years. Leading 
manufacturers of all types of equipment powered by 
internal combustion engines have come to rely on Young 
products because they stand up under the toughest 
operating conditions with a minimum of maintenance. 
Discuss your cooling problems with Young engineers 
without obligation. 


RADIATOR COMPANY 


RACINE, WISCONSIN 


HEAT TRANSFER ENGINEERS 


Executive Office: Racine, Wisconsin, Plants af Racine, Wisconsin, Motioen, Iilinois 
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Atomic Energy in Agriculture, by Wil- 
liam E. Dick, B.Sc., F.L.S. Cloth, 54%2x7% 
inches, x + 150 pages, illustrated and in- 
dexed. Published by Philosophical Library 
Inc., 15 East 40th St, New York 16, 
N. Y. $6.00. 

The subject material of this book is taken 
from accounts of discoveries relevant to 
agricultural progress contained in papers 
delivered at Geneva in August 1955 during 
the international conference on the peaceful 
uses of atomic energy, and deals with cur- 
rent scientific research in that field. It in- 
cludes information on research in radiation 
mutations and relates possibilities included 
in the use of atomic radiation in food pres- 
ervation and pest control. The author also 
devotes one chapter to radio-isotope work 
which he states is of immediate practical 
consequence in forestry. 


Forest Soils, by S. A. Wilde. 
6 x 8 inches, xii + 537 pages, 
and indexed. Published by 
Press Co., 15 East 26th St., 
10, N. Y. 

This publication was written to be used 
as a textbook to meet the requirements of 
students of forestry and soils, and for the 
service of specialists engaged in utilization 
of forest lands. Particular attention is given 
to maintenance of nursery soil fertility, sur- 
vey of forest lands and selection of planting 
sites, diagnosis of adverse conditions re- 
sponsible for poor growth of trees, applica- 
tion of fertilizers, detection and evaluation 
of changes produced in the composition of 
the soil by different silvicultural treatments, 
and correlation of forest management with 
the productive potential of forest lands. 


Cloth, 
illustrated 
The Ronald 

New York 


The Law of Water Allocation in the 
Eastern United States, edited by David 
Haber and Stephen W. Bergen. Paper 
cover, 6x 9 inches, xxxviii +643 pages, in- 
dexed. Published by The Ronald Press Co., 
15 East 26th St., New York 10, N. Y. $7.50. 

This publication contains papers and 
proceedings of a symposium held in Wash- 
ington, D. C., October, 1956, sponsored by 
the Conservation Foundation. It reports on 
national ground water resources, industrial 
water use, the role of vegetation in water- 
shed management, the ocean as a possible 
fresh water source, and the merits of 
various methods of flood control. It is in- 
tended for those who are concerned with 
questions of state water rights legislation 
and water allocation policy. In particular, 
it is for investigators and legislators who are 
seeking means of adapting existing water 
laws to changing patterns of water use. 


Proceedings of Sixth Annual National 
Dairy Engineering Conference, sponsored 
by the Department of Agricultural Engineer- 
ing with the cooperation of the Department 
of Dairy and the Continuing Education 
Service, Michigan State University held Feb- 


ruary, 1958. Paper cover, 11% x 8% inches, 
113 pages, indexed. $2.00. 
This compilation contains papers pre- 


sented around the following topics: putting 
electronics to work in the dairy plant, auto- 
matic cleaning equipment and methods, 
milk meter developments, and improving 
plant operations. Titles of the papers are: 
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basic research in industry, using electronic 
equipment in computing dairy problems, 
digital computer, how automation applies 
to your dairy, applications for automatic 
cleaning, automatic control for cleaned-in- 
place, the Siemen’s sanitary flow meter, the 
B&R oval wheel meter, the Pottermeter, 
the accuracy of a milk metering device, elec- 
tromagnetic metering of milk flow, the 
Sharples sanitary flow-meter, the Méicro- 
Meter, air agitation of milk, engineering 
problems in using wax in packaging opera- 
tions, keeping dairy engineering records, en- 
gineering for a five or a four day dairy 
plant operation, refrigeration losses through 
open doors and conveyor passes, develop- 
ments in dairy waste disposal, plastic coated 
containers for milk and milk products, 
and the new look in dairy plant layout. 


Concentrated Spray Equipment Mix- 
tures and Applications Methods, by 
Samuel Frederick Potts. Cloth, 6 x 9% 
inches, xxxiii + 598 pages, indexed and il- 
lustrated. Published by Dorland Books, P.O. 
Box 31, Caldwell, N. J. $12.50. 

Text of this book includes information on 
subjects which cover diverse phases of 
agricultural chemicals application equipment 
and the agriculture to which they apply. It 
gives information on concentrated spray 
applications of insecticides, fungicides, hor- 
mones, herbicides, silvicides, nutrients, fer- 
tilizers, and insect disease organisms. Chap- 
ters cover terminology, fundamentals of 
application, ground spray equipment, aerial 
equipment, mixtures, control of weeds and 
woody plants, aerosols, and determining 
particle size of aerosols and fine sprays. 
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When the power load suddenly builds up and the engine speed 


slows down. . 
increased load without stalling? 


. how long will the engine hang on and carry the 


The answer lies in the HIGH TORQUE LUGGING FACTOR 
which is an integral part of “Wisconsin” basic engineering. The 
point at which an engine will stall under suddenly increased loads 
is the High Point in the TORQUE CURVE. As a case in point, 
analyze the Wisconsin Model VR4D power curves reproduced here. 


This engine develops its maximum horsepower (56 hp.) at 2200 
rpm. at which point it registers a torque of 1600 inch-lbs. The 
engine runs into heavy going. The load builds up fast. The rpm. 
slows down to 2000, 1800, 1600 and 1400 rpm., reaching its maxi- 
mum torque at the low speed of 1300 rpm. 


In terms of power service to the user, this simply means that your 
Wisconsin Engine is designed to provide dependable load-holding 
power at low engine speeds. This, in turn, means fewer shutdowns, 
less wear and tear, more usable power and more versatile perform- 


ance for your dollar investment. 


These are reasons why it pays to specify “Wisconsin Power” 
for your equipment. For a briefing on the full line, write for 


Engine Bulletin $-223. 


iIders of Heavy-Duty Air-Cooled Engines 


"MILWAUKEE 46, WISCONSIN 
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Equipment Catalog 
Allis-Chalmers Mfg. Co.—A 12-page cata- 


log, “New Design . . .” (TL-1878) is a 
pictorial review of the company’s tractors, 
harvesting equipment, implements and other 
farm machinery. 


(For more facts circle No. 76 on reply card) 


Hog Housing Plans 

Douglas Fir Plywood Ass'n — Four book- 
lets contain 4 series of plans for farrowing 
building, growing building, finishing build- 
ing and hog trailer. 

(For more facts circle No. 75 on reply card) 
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All Deniston nails 
can be shipped in 
either 50 Ib. or 
100 Ib. sturdy 3- 
ply corrugated col- 
or-board cartons 
with hand grips 
for easy handling. 


31 Years of Quality Nails 


THE DENISTON COMPANY 


4876 South Western Avenue « 
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Chicago 9, Illinois 
IN CANADA: EASTERN STEEL PRODUCTS CO., LTD., PRESTON, ONTARIO 


Flexible Cushion Couplings 


Dodge Mfg. Corp. — A 12-page bulletin 
A669 which describes the company’s flexible 
cushion coupling. Photographs and draw- 
ings illustrate construction and installation 
features of the product. Also included are 
tables with engineering data to facilitate 
selection of couplings. 


(For more facts circle No. 74 on reply card) 


Flexible Couplings 

T. B. Wood's Son’s Co. — An 8-page 
bulletin No. 10100 which describes the line 
of flexible couplings manufactured by the 
company. The patented flexible coupling 
consists of two flanges and a two-piece rub- 
ber sleeve, which lock together without 
clamps or screws. 


(For more facts circle No. 73 on reply card) 


Te 


caer a 


Deniston’s quality ‘‘ Lead-Seal’’ 
metal roofing nail with “Triple- 
Lock” is heavily zinc-coated for pro- 
tection against rust. It insures a 
permanent seal through which no 
moisture can penetrate, because 
when the hammer strikes the nail 
(not the lead), the ““ bump” and the 
lead are forced through the metal 
sheet, the sheet springs back over 
the ‘“‘bump’’—this solidly locks to- 
gether the nail, lead and sheet. 


Descriptive literature on Deniston 
““Lead-Seal” nails will be sent im- 
mediately upon request. 
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Land Forming Equipment 


Gurries Mfg. Co. — Booklet 107 intro- 
duces the company’s line of land forming 
equipment and features a field planer with 
its planing action described in detail. The 
company’s levelers and new 5.0cuyd hy- 
draulic scraper are also described. 


(For more facts circle No. 70 on reply card) 


Clearing Blade 

Rome Plow Co. — A 6-page booklet de- 
scribing the new K/G clearing blade for 
shearing trees and windrows. The clearing 
blade is designed to take out both large and 
small trees including stumps and rovts and 
pile them in compact windrows. 


(For more facts circle No. 71 on reply card) 


Fuel Oil and High-RPM Diesels 


Detroit Diesel Engine, Div. of General 
Motors Corp. — A 16-page illustrated book- 
let which points out the effects of various 
grades of fuel on diesel engine life and 
performance. Jt also includes a fuel selec- 
tion chart to assist operators in selecting the 
type of fuel that will result in the most 
satisfactory operation. 


(For more facts circle No. 66 on reply card) 


Specialty Steels 

Crucible Steel Co. of America—A 12-page 
brochure discussing various grades of steels 
for heavy construction and mining, includ- 
ing alloy, carbon, drill, stainless and tool 
steels. Recommended technical manuals and 
aids are also depicted and described. 


(For more facts circle No. 64 on reply card) 


Flexible Tubing Data Book 

Pennsylvania Flexible Metallic Tubing 
Co. — A 36-page booklet which covers all 
types of flexible tubing and hose, together 
with many types of couplings which can 
be used with tubing. A step-by-step instruc- 
tion page is included to assist the engineer 
or purchasing agent in ordering flexible 
tubing. 

(For more facts circle No. 65 on reply cord) 


100 Years of Progress 

Twin Disc Clutch Co.—A 24-page maga- 
zine, Production Road, Vol. 19, No. 4, fea- 
tures an article covering 100 years of prog- 
ress on the American agricultural scene. 
The story describes the progress of farm 
machinery and equipment from the advent 
of the steel plow with facts on social and 
economic changes within the past 100 years 
of agriculture. 


(For more facts circle No. 67 on reply card) 


Building With Wood 

National Lumber Mfrs. Ass'n — A 34- 
page bulletin, Better Homes are Built of 
Wood, includes over 50 photographs and 
drawings showing the use of wood to im- 
prove the appearance, increase the livability 
and raise the value of old and new homes. 

(For more facts circle No. 69 on reply card) 


Recording Soil Tester 


Soiltest, Inc. — An illustrated bulletin en- 
titled Unconfined Clay Compression Test 
Machine. The machine was developed in 
Great Britain and is said to include a re- 
cording system that provides a permanent 
record of all tests performed. 


(For more facts circle No. 68 on reply card) 


Tire Handbook 

B. F. Goodrich Tire Co. — A 52-page 
booklet describes how equipment and own- 
ers can get maximum service out of off- 
the-road tires. Factors in off-the-road tires 
including load, inflation, operating condi- 
tions and tire care are discussed. 


(For more facts circle No. 72 on reply card) 
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Chicago Section 

The Annual Meeting of the Chicago Sec- 
tion was held September 8 in the assembly 
room of the manufacturing research plant 
of the International Harvester Co. The 100 
members and guests present toured the 
company’s Manufacturing Research Divi- 
sion prior to the business meeting and were 
invited to be guests of International Har- 
vester Co. for lunch. 

The new officers elected are: chairman, 
K. V. D. Fiske, National Safety Council; 
secretary-treasurer, Tobi Goldoftas, Inter- 
national Harvester Co.; publicity vice-chair- 
man, T. E. Clague, Aubrey, Finlay, Marley 
and Hodgson ; program vice-chairman, H. J. 
Brethauer, Martin Implement Co.; and out- 
state vice-chairman, J. H. Ebbinghaus, 
A. O. Smith Corp. 

Following the business meeting, P. L. 
May of International Harvester Co., Mem- 
phis Works, reported on the company’s 
newly created hay pelletizer and showed 
motion pictures describing it to its present 
stage of development. 


lowa Section 

The date for the lowa Section Meeting 
has been set for October 24, to be held at 
the Latin King Restaurant in Des Moines. 
The program will feature Edgar Urevig, 
manager of the Tilney Farms in Louisville, 
Minn., who will discuss agricultural engi- 
neering advances and their application to 
efficient farm operations. 


Central Illinois Section 

The Central Illinois Section Meeting is 
to be held October 16 at the Caterpillar 
Building in Peoria. “The Unusual Appli- 
cations of Agricultural Engineering” is the 
title of the presentation to be given by E. J. 
Stirniman who is a consultant with the 
Caterpillar Tractor Co., Peoria. 


Ohio Section 

The fall meeting of the Ohio Section 
will be held October 17-18 at Ohio State 
University. 

Two papers on materials handling, one 
by S. S. DeForest and a second by J. D. 
Blickle and Kenneth Battles will introduce 
the Friday afternoon session. Following 
the business meeting Earl Haller and C. E. 
Smith will discuss phases of flood control 
and drainage. 

The banquet, to be held at the student 
union, will feature Ferris Owen who will 
speak on recent trends in agriculture in 
the Soviet Union. 

Quality forage wiil be the theme of the 
Saturday morning session with papers pre- 
sented by D. O. Hull, E. A. Silver, and 
Wm. Tyznik. The concluding presentation 
will be a progress report on forage har- 
vesting method study, by S. R. Anderson 
and K. A. Harkness. A football game be- 
tween Ohio State and Indiana will be held 
Saturday afternoon. 


.. . Meetings Calendar 
(Continued from page 657) 


April 16-18—FLormipa SEcTION, George 
Washington Hotel, West Palm Beach, 
Fla. 

December 17-19 — WINTER MEETING, Pal- 
mer House, Chicago, III. 
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STEEL CASTINGS* help build 
dependability into the modern 
cargo carrier... 


Transporting America’s 

products by truck-trailer is a gigantic, 
ever-increasing task—calling for dependable, 
rugged, long-lasting equipment. 

This is the reason many manufacturers of 
over-the-highway carriers specify foundry engineered 
UNITCASTINGS for many component parts. 


) 4 


High quality cast steel affords intricate, one-piece designs 
.. - Offers uniformity and strength for longer life, 
less maintenance, and more dependable product service. 


And .. . foundry engineered UNITCASTINGS, 
produced by superior methods, assure steel castings that 
are internally sound . . . surfaces that are clean and 
dimensionally accurate . . . and require minimum 
finishing. Lower finished cost is the real advantage 

of specifying UNITCASTINGS. Write for 

complete information today! 


UNITCAST CORPORATION, Toledo 9, Ohio 


In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Q. 


(For more facts circle No. 50 on reply card) 
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.. . How Efficient ? 
(Continued from page 652) 


highly organized data can become a sort of 
new dimension in engineering. 

To a large extent farm machines must be 
engineered for more than “normal” use. 
They must be designed against a certain 
amount of negligence and abuse in opera- 
tion and against widely changing operating 
conditions. The following opinion is quoted 
from a recent letter by one agricultural engi- 
neer who is an authority on farm machine 
operation: 


1 Tractors: Time out is remaining con- 
stant or possibly decreasing, due to (a) 
better design, (4) better trained op- 
erators, (c) better fuels and lubricants. 


2 Other Machines, particularly harvest- 
ing machines: Time out increasing 
due to (a) more complicated ma- 
chines, (b) higher speeds, (c) higher 
yielding crops, (d) operators not 
“keeping up” with complexity of ma- 
chines, (e) crowding marginal weather 
and soil conditions more. 

3 Tillage Machines: Higher operating 
speed has increased severity of abuse 
to plows, etc., when rocks, stumps, 
etc., are encountered. 


In some industries we hear a great deal 
about the concept of “design for obsoles- 
cence.” Technological advances have been 
going on in farm equipment for a long time. 
When a more efficient machine is produced 
or a labor-saving method introduced, it is 
readily accepted. This does not mean that 
the old equipment is scrapped before it is 
worn out. Dependability and durability 
are very important qualities in all farm 
machines. 

We need to keep in mind that the cost of 
farm machinery is an increasingly big factor 
in agriculture. The farmer's investment in 
machinery is about three times greater on 
the basis of dollar production than it is in 
most other industries. When farm ma- 
chinery costs get out of line with the 
general agricultural economy, it hurts both 
the farmer and the manufacturer. This is 
becoming an increasing responsibility for 
engineers. Their most urgent tasks now are 
to make farm machines as trouble free and 
long lasting as possible and to contribute 
as well to more efficient use of machines on 
the farm. Efficient machines as well as 
efficient use of machines are parallel in 
importance. 
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EVENTS CALENDAR 


October 19-22 — Annual Conference of the 
Soil Conservation Society of America, to 
be held in the Auditorium of Asheville, 
N. C. The theme is Land and Water for 
Tomorrow's Living. For further infor- 
mation contact SCSA, 838 Sth Ave., Des 
Moines, Ia. 


October 20-22 — Farm Electrification Con- 
ference sponsored by the American Insti- 
tute of Electrical Engineers at the Monte- 
leone Hotel, New Orleans, La. For de- 
tails write S. G. Dinkel, Chairman, Gen- 
eral Electric Co., 1004 Richards Bldg., 
New Orleans 12, La. 

October 20-24 — 461h National Safety Con- 
gress and Exposition, to be held in Chi- 
cago. Farm Safety activities will be held 
October 21, 22 and 23 at the Hamilton 
Hotel. Further details may be obtained 
by contacting National Safety Council, 
425 No. Michigan Ave., Chicago 11, Ill. 

October 23-25 — The National Society of 
Professional Engineers, St. Francis Hotel, 
San Francisco, Calif. For details contact 
K. E. Trombley, National Society of 
Professional Engineers, 2029 K St. N.W., 
Washington 6, D.C. 

November 17-21— 8th National Plastics 
Exposition and Annual National Confer- 
ence of the Society of the Plastics In- 
dustry, Inc., to be held at Chicago Inter- 
national Amphitheater. Additional in- 
formation may be obtained by writing to 
National Plastics Exposition, 250 Park 
Ave., New York 17, N. Y. 

December 3-5 — Eighth Annual Convention 
and Trade Show of the Agricultural 
Ammonia Institute, Morrison Hotel, Chi- 
cago. Write to J. F. Criswell, AAI, 
Claridge Hotel, Memphis Tenn., for in- 
formation. 

December 8-13 — Dairy Industries Exposi- 
tion, on Navy Pier, Chicago. For details 
write to Dairy Industries Supply Associa- 
tion, 1145 19th St., N.W., Washington 
6, D.C. 

December 29-30 — Section M—Engineering 
portion of Annual Meeting of the Amer- 
ican Association for the Advancement of 
Science, Hotel Statler, Washington, D.C. 
Program available after October 15 from 
Secretary, Section M, c/o E. J. C., 29 
West 39th St., New York 18, N. Y. 

February 2-4 — 1959 Meeting of the Asso- 
ciation of Southern Agricultural W orkers 
—Agronomy Section, Memphis, Tenn., at 
the Peabody Hotel. Contact Louis N. 
Wise, Secretary, Agronomy Section, 
Agronomy Dept., Mississippi State Uni- 
versity, State College, Miss., for details. 


PART NAME: Cultivator frame members 
USED ON: Cultivators 

WEIGHT: 22#, 31# and 40# 

MATERIAL: A-5140 

HEAT TREATMENT: Quench and draw 


PERSONNEL SERVICE 
BULLETIN: 


Note: In this bullefin, the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indicated. ‘'Agri- 
cultural Engineer’’ as used in these listings is 
not intended to imply any specific level of pro- 
ficiency or registration as a professional engi- 
neer. Items published herein are summaries of 
mimeographed listings carried in the Personnel 
Service, copies of which will be furnished on 
request. To be listed in this Bulletin, request 
form for Personnel Service listing. 


POSITIONS Op—EN —- MAY — O-129-814, 147- 
815, 69-817, 132-818, 132-819, 154-820, 159- 
822. JUNE — O-189-823, 194-824, 199-825, 200- 
826. JULY—-O-256-827. AUGUST—O-276,830. 
SEPTEMBER.--—0-308-831. 


PosITIOonNs WANTED — MAY — W-25-20, 127- 
21, 128-22, 143-23. JUNE —- W-175-26, 186-27, 
79-28. 192-29, 172-30, 205-31. JULY—W-197-32, 
246-33, 251-35. AUGUST — W-258-38, 236-39, 
260-40, 261-41, 242-42, 271-43, 286-44, 285-45, 
287-46. SEPTEMBER—W-279-47, 297-48, 299- 
49, 248-50. 


NEW POSITIONS OPEN 

AGRICULTURAL ENGINEER (assistant) for 
extension work in a Northeastern state. Lead- 
ership primarily in power, machinery, 4-H, and 
safety phases of program. Additional responsi- 
bility for some work in most phases of agricul- 
tural engineering. MSAE or BSAE and experi- 
ence. Age 25-36. Extension experience desir- 
able. Aggressive leader able to get along well 
with others and enjoy meeting people. Excellent 
opportunity in newly created position, to be 
filled as soon as well qualified candidate is 
found. Several fringe benefits included or 
optional. Annual salary review and merit in- 
creases. Starting salary open. O-321-832 


NEW POSITIONS WANTED 

AGRICULTURAL ENGINEER for design, 
development, or research in power and ma- 
chinery or soil and water field with industry 
or public service in West or Midwest. Limited 
travel. Married. Age 29. No disability. 
BSAE, 1952, Kansas State College. Farm 
background Pregraduation experience as lab- 
oratory technician, assistant research chemist, 
and assistant research engineer. Service in 
USAF 2 yr. as maintenance and transport 
officer (ground vehicles), and as research and 
development officer. Instructor in college alge- 
bra 3 months before called to military service. 
Elementary school teaching, one year. Avail- 
able on 30 days notice. Salary open. W-314-52 


AGRICULTURAL ENGINEER for design, 
development, research or service in power and 
machinery or soil and water field with manu- 
facturer, distributor, or consultant, any loca- 
tion. Single. Age 24. No disability. BSAE, 
1955, North Dakota Agricultural College. Farm 
background. Five months in design with farm 
equipment manufacturer. Commissioned service 
in Air Force, 3 yr, to be completed January 
1959, with training and experience as aircraft 
maintenance officer. Available February 15, 
1959. Salary open. W-315-53 


AGRICULTURAL ENGINEER for design in 
power and machinery with manufacturer. Any 
location. Married. Age. 35. No disability. 
BSAE, 1949, Univ. of Idaho. Farm back- 
ground. Precollege army enlisted experience. 
Experience since 1950 in design of combines, 
sprayers, mowers, and materials handling 
equipment. One year teaching and graduate 
study. Available January 1. Salary open. 
W-322-54 


Nearly one half-million of these chrome alloy steel, high-strength frame members produced by Pittsburgh 


Forgings Company have been put in service. After heat treating, the required number of holes can be punched 
in just two strokes—without bending or warping. Any variation in the number of holes or the diameters as 
well as bar length up to 9 feet is available. As for strength factors, check the chart below. For help with your 


problem parts, contact Pittsburgh Forgings Company. 


Comparison of alloy heat-treated vs other stee! capable of withstanding same load 


Pittsburgh 
Structural 


wt/ft. 


2x2x% 4.7 
3x3xnth 9.4 


Rail 2Ax2Arxh 7.7 
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The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Bond, William R. — Sr. district engr., Amer- 
ican Wood Preservers Institute. (Mail) 
1410 S. W. Morrison St., Portland 5, Ore. 

Brown, Harold E. — Proj. engr., Interna- 
tional Harvester Co. (Mail) 6611 67th 
St., Tinley Park, Ill. 

Dahigren, Lowell M. — Gen. mgr., Rolfes 
Grain Aeration Cos. (Mail) 1127 Craw- 
ford St., Boone, lowa 

Denny, Franklin D. R. — Rural service engr., 
Alabama Power Co., Oneonta, Ala. 

Dressen, Paul A. — Power use advisor, 
Codington-Clark Electric Co-op., Inc. 
(Mail) 311 6th St.. S.E.. Watertown, 
S. D. 

Elder, John C. — Agr. engr., (SCS) USDA, 
P.O. Box 788, Selma, Ala. 

Elder, Lawrence L. — Mechanical engr., 
Sinton and Brown Co. (Mail) 180 Pat- 
terson Rd., Santa Maria, Calif. 

Gray, Donald M. — Res. assoc., agr. eng. 
dept., Iowa State College, Ames, lowa 
Halkias, Nikolas A. — Head, studies dept., 
Land Reclamation Works of Macedonia. 
(Mail) 22, Angelaki St., Thessaloniki, 

Greece 

Harre, Edwin A. — Technician, agr. eng. 
dept., Univ. of New Hampshire. (Mail ) 
Mast Rd., R.R. 1, Durham, N. H. 

Hathcock, Aaron A. — Power use advisor, 
Pee Dee Electric Membership Corp. 
(Mail) R.R. 3, Box 423, Wadesboro, 
N.C. 

Johnson, Charles M. — Mgr., J. E. John- 
son and Son, Farm Managers and Con- 
sultants. (Mail) P.O. Box 127, Monti- 
cello, Ill. 

Kraft, William G. — Pres., Canadian Steel 
Fabricators Ltd., 1398 Eglinton Ave., W., 
Toronto, Ont., Canada 

Middlecoff, Lawrence H. — Farmer, Somer- 
ville, Tenn. 

Nystrom, Birger G. H. — Mer., investiga- 
tion dept., LBF (The Building Society of 
Swedish Farmer Assn.). (Mail) Gamla 
allen 19, Saltsjo Duvnas, Sweden 

Peterson, Herbert A. — Instructor, agr. 
eng. dept., Pennsylvania State Univ., 
University Park, Pa. 

Pfeiffer, William E. — Chief engr., Rolfes 
Grain Aeration Cos. (Mail) 1321 Story 
St., Boone, Iowa 

Saunders, James R. — Agr. engr., Florida 
Power Corp., P.O. Box 4042, St. Peters- 
burg, Fla. 

Slowinski, Frank R. — Des., Champion 
Corp., 4714 Sheffield Ave., Hammond, 
Ind. 

Thomas, Charles W. — Hydraulic engr., 
Bureau of Reclamation. (Mail) 825 
Krameria St., Denver 20, Colo. 

Williams, Don W. — Rural engr., VEPCO. 
(Mail) P.O. Box 646, Gloucester, Va. 


TRANSFER OF MEMBERSHIP 

Buelow, Frederick H. — Asst. prof., agr. 
eng. dept., Michigan State Univ., East 
Lansing, Mich. (Associate Member to 
Member ) 

Glover, John W. — Spec., agr. eng. ext., 
North Carolina State College. (Mail) 
3008 Churchill Rd., Raleigh, N. C. 
(Associate Member to Member) 
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Oliver, Roland A. G. — Rural service engr., 
Alabama Power Co. (Mail) P.O. Box 
231, Jasper, Ala. (Associate Member to 
Member ) 

Shepard, Francis D. — Rural service rep., 
Niagara Mohawk Power Corp. (Mail) 
R.R. 2, Warboys Rd., Byron, N. Y. 
(Associate Member to Member) 

Wagner, William V., Jr. — Agr. engr., 
Portland Cement Assoc. (Mail) 1437 
Deerfield Rd., Deerfield, Ill. ( Affiliate to 
Member ) 


Whisenant, Dewey A. — Staff engr., Good- 
year Tire and Rubber Co. (Mail) 415 
Hood Ave., East Gadsden, Ala. (Asso- 
ciate Member to Member) 

Witmuss, Howard D. — Assoc. prof., agr. 
eng. dept., Univ. of Nebraska, Lincoln 4, 
Nebr. (Associate Member to Member) 


Are Made Specially 


for Farm Machines 


Shape, size, capacity, stamina and cost — all are 
specifically suited to meet the needs of the most rugged 


STUDENT TRANSFERS 


Battenberg, Jacob T., Jr. — (Univ. of Mis- 
souri) Farm sales rep., MonMac Builders 
Inc. (Mail) 10404 E. 59th St., Raytown, 
Mo. 

Bollinger, Charles E. — (Oklahoma State 
Univ.) (SCS) USDA. (Mail) P.O. Box 
164, Valliant, Okla. 

Gastel, James F. — (Univ. of Illinois) 
(Mail) R.R. 1, Freeport, Ill. 

Parker, Rayburn E. — (Mississippi State 
Univ.). (Mail) Vance, Miss. 


Quesada, Jaime L. — (A & M College of 


Texas) (Mail) 10 Nunez de Balboa, 
Madrid, Spain 

Reeves, Bobby F. — (A & M College of 
Texas) Agr. engr., (SCS) USDA. (Mail) 
Eagle Pass, Tex. 


Oil or Dry 
Multiple Disc 


Heavy Duty 


farm use. ROCKFORD RM CLUTCHES serve better and °°" 


longer than any all-purpose clutch that might be 
applied to farm machines. Let ROCKFORD engineers 
show you how RM clutches will make your machines 


more efficient and reliable. 


Gives dimensions, capacity tables and complete = 


ee FOR THIS HANDY BULLETIN =] 
= specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


1325 Eighteenth Ave., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Hl. 


Power 


Reducers 


UITICTHIE, 
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— Locke Steel detachable sprocke 
chain n provides dependable poy powel 


: transmission on and material. convey 
. es Mie.) eee : fe hs ae aes 


precision-manufactured to American Standard Specifica- 
tions by Japan’s largest and oldest chain manufacturer 


COST LESS FOR 
GUARANTEED 


TOP PERFORMANCE 


Large Nationally-Known Manufacturers of TRAC- 
TORS and FARM IMPLEMENTS are using DAIDO 
CHAIN in their products with great success, and are 
reducing their costs. 
’ ag DISTRIBUTORS with known reputation for selling 
ee oY i: only high quality products are supplying their users 
ir, Pe alas fog) a Pee ee with DAIDO CHAIN for replacement, at money- 
é were : i a eee saving prices. 


WHY NOT YOU? 


Write for Complete Catalog, Specifications and 
Samples. 


ae Ee BO SS Si NEW YORK OFFICE CHICAGO OFFICE 
THE LOCKE STEEL CHAIN COMPANY « HUNTINGTON, IND. 220 Church Street 327 South LaSalle Street 
—, . New York 13, N. Y. Chicago 4, Hl. 
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LATEST MACHINES 
AND METHODS 


assure auger uni- 
formity, accuracy. 
Sheets for tubing are 
1 jig punched, then 
é rolled to be true 
on round. Flighting is 


a4 cold rolled for slip 

‘ fit on tubing and 

Rees “i welded for perma- 

% ’ nent alignment. 
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INTERNATIONAL HARVESTER ‘COMPANY MANURE SPREADERS use Link-Belt right and left 
hand sections of flighting, mounted on a common shaft, to provide widespread distribution 


QUALITY 
“SAFEGUARDS” 


make sure all Link- 
Belt augers are de- 
livered in perfect 
operating condition. 
Straightness is care- 
fully checked before 
shipping . .. paint- 
ing prevents “rusting 
...- extra care is 
taken in handling, 
loading. 


...and why they're the 
consistent choice of leading 
farm machine manufacturers 


Simplicity, strength, exactness of construction—all are 
combined in Link-Belt augers to assure long-lived, 
dependable performance on your machine. 

Every Link-Belt auger is a uniform, smooth, ac- 
curately rolled product . . . one sturdy, compact basic 
assembly with no other moving parts to cause ex- 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 


of fertilizer. Power is transmitted through Link-Belt chains and sprockets. 


SELECTED FLIGHTING 


is available from 
Link-Belt to meet 


any auger applica- 
tion — helicoid, cut 
flight, short pitch, 


ribbon flight, double 
flight and many other 


designs — in the 
metal and finish best 
suited for your re- 
quirements. 


cessive maintenance. Only selected steels are used, 
and Link-Belt’s modern, specialized machinery 
achieves consistent flighting uniformity. 

Link-Belt offers augers in a full range of diameters, 
gauges and pitches. For details, call or write your 
nearest Link-Belt office. Ask for Book 2289. 


LINKi@; BELT 


FARM MACHINE AUGERS 


To Serve Industry There Are Link-Belt Plants and Sales Offices in 


All Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); 


South Africa, Springs. Representatives Throughout the World. 14,929 
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Allis-Chalmers engineers get maximum design 
economies with all-TIMKEN-bearing gear box 


i effective 
} + center 


LLIS-CHALMERS engineers wanted to use indirect 
bearing mountings on both the input and output 
shafts in the gear box of their Model 90 ALL-CROP har- 
vester. This would enable them to take advantage of the 
effective spread principle of Timken bearings (illustrated 
above)—obtain maximum shaft and gear rigidity. They 
saved costly manufacturing steps and here’s how: 

1) By using a simpie, split collar for bearing adjustment 
and a snap-ring at the bevel pinion, costly drilling and 
tapping or threading of the input shaft was eliminated. 

2) The simplified mounting of the Timken bearings on 
the output shaft made possible a bench assembly which 
facilitated bearing adjustment by simply using the nut 
at the end of the shaft. The bearing assembly is located 
in the housing through the use of a grooved cup spacer 
and set screw, permitting through-boring of the housing. 


NOT JUST A BALL O NOT JUST A ROLLER ¢—) THE TIMKEN TAPERED ROLLER (> 


SiS 
BEARING TAKES RADIAL ()) AND THRUST --{))--LOADS OR ANY COMBINATION ~(j 


? 


- — — 


effective center Sa 


Timken® bearings on input 
and output shafts cut 
manufacturing costs, 

give maximum rigidity 


Simpler and more compact designs are big reasons why 
more and more engineers are standardizing on Timken 
bearings. Tapered construction lets Timken bearings take 
any combination of radial and thrust loads. Full-line 
contact between rollers and races gives Timken 
bearings extra load-carrying capacity. Shafts are held 
concentric with housings — making closures more effec- 
tive. Dirt stays out; lubricant stays in. Timken bearings 
enable agricultural engineers to lick their three big- 
gest problems: 1) combination loads, 2) dirt, 3) ease of 
operation— give the farmer a better, more economical 
machine. 


For help in designing your new bearing applications, 
contact our sales engineers or write The Timken Roller 
Bearing Company, Canton 6, Ohio. Canadian plant: St. 
Thomas, Ontario. Cable address: ‘“TIMROSCO”’. 


The farmer's 
assurance of better TIMKEN W— BEARING 
design Ea EQUIPPED 
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